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South Africa. 


THE incorporation of the two Boer 
States into British South African terri- 
tory increases the British possessions on 
the African continent (including Egypt) 
to a total of about 3,300,000 square miles, 
and this includes the richest part—that 
from north-east to the south—of this great 
coming land. The French are the next 
largest territorial power, they having an- 
nexed vast tracts of land in the arid, 
sparsely populated regions of Sahara. 
From the north to the south of this huge 
continent the British have established a 
line of communicating territories, embrac- 
ing the great coal beds of the Zambesi, 
the enormous iron deposits of Lake Tan- 
ganyika—which has been emphatically pro- 
nounced the finest system of natural water- 
power on earth — through the tropical 
riches of the central belt, onward through 
the fertile Bahr-el-Gazahl to the ancient 
land of Egypt. The war has set the zeal 
of unification on these vast territories and 
on. British African policy. Henceforth, 
South Africa will become more and more 
delocalised, until it merges its distinctive 
name into that of Federated British 
Africa, which, stretching from the shores 
of the Mediterranean to the Southern 
Indian Ocean, must exercise a domi- 
nating influence upon the world. 

This fact and the features of the 
recent pacification constitute the reason 
why Britain, after a war the greatest in 
her history since the Napoleonic struggles, 
emerges from the conflict far stronger 
than she was before. She is stronger, 
not only in the estimation of her foreign 
rivals but in her own. Impressed by the 
perpetual cries of “‘decadence”—cries with 
which FEILDEN’s MAGAZINE has never 
been associated ; there has been shown of 


late a distinct lessening of national self-. 
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confidence. This has been evident in 
several ways, which it would be super- 
fluous to refer to more in detail here. 
The material fact is, that this confidence 
has now returned in its fullest measure. 
The country is now buoyant, cheerful, 
with renewed faith in its ability, strength, 
and resources to meet and overcome 
every difficulty with which it can be 
confronted. We are starting on a fresh 
era in British history, and surely auspices 
more brilliant have never cheered a new 
departure. 

The problem which is waiting for 
solution in South Africa is one which has 
never yet been met with in all the multi- 
farious relations of the British mother- 
country with her dependencies. South 
Africa is a country where we shall have to 
be prepared to meet foreign trade and 
political competition in its acutest form. 
This fact, together with the essential 
characteristics of the country itself, entails 
a formidable task on British statesman- 
ship ; and it is not too much to say, that 
many of our greatest political leaders look 
forward to the future with anxiety. In the 
commercial relations of this country with 
South Africa no satisfactory analogy can 
be established between South Africa, as a 
whole, and any other British possession. 
With the exception of India, British 
markets have been mainly provided by 
those of our own blood, who themselves 
form the population of the lands they 
occupy. In South Africa, on the contrary, 
there is a large native population, together 
with another white people besides that of 
British birth or ancestry, who, though now 
fellow citizens, cannot be expected to 
weld all at once into that unity we see in 
Canada—the nearest, though an imperfect, 
parallel to the South African situation. 

The difficulty we are required to face is 
this:—We have secured the Transvaal 
and the Orange River Colony at colossal 
risks and vast expenditure, and in the 
usual course of procedure these will be 
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thrown open to the world on equal terms 
with ourselves. But there is a strong 
feeling among our merchants and manu- 
facturers that those who have provided 
the means of securing these markets are 
entitled to a preferential right to them. 
Our industrial rivals, on the other hand, 
are known to have been unremitting in 
their preparations to displace British 
trade in its own possessions. Countries 
like France and Belgium, which exclude 
British manufactures from their own 
possessions in the same continent, are 
preparing to pour their manufactures into 
our own, and under the fiscal policy which 
at present rules the commercial system of 
this country we must look helplessly on 
while our own markets are swamped with 
the over-production of hostile rivals. It 
says much for the industrial energy of this 
country that we are able to thrust 
£,200,000,000 of our manufactured pro- 
ducts every year into the markets of our 
rivals, in spite of the tariff walls they have 
built around themselves; but a plea has 
lately risen for a closer commercial union 
between the British empire itself, and the 
peculiar circumstances in South Africa 
give that plea a special significance at the 
present time. 

In parenthesis, we venture to express 
the opinion that it is much to be deplored 
that even the slenderest show of official 
recognition should be afforded to enter- 
prises formed to takeadvantage of the politi- 
cal position in South Africa for their own 
private advantage. We hear of several 
**Commissions,” and other bodies with 
similar titles, being formed to go out to 
South Africa ostensibly to ascertain and 
represent to British manufacturers the 
industrial circumstances of that country. 
This is a work, we venture to assert, which 
is not of a nature to be executed by 
any private body; and the mere fact 
of such an enterprise being undertaken 
under such auspices shows how lament- 
ably the Board of ‘Trade fail in the 
most elementary duties of their office. 
The provision of such data is the work 
of the Commercial Intelligence Depart- 
ment of the Board of Trade, and not 
of a number of irresponsible persons who 
must almost infallibly cause more injury 
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than advancement to the interests they 
are supposed to represent. 

Leaving this matter, however, we turn 
to the question of what is known as 
“preferential trade,” a subject that will 
shortly be brought into great prominence 
in connection with the conference of 
colonial premiers and the home Govern- 
ment, and which is closely associated 
with the present South African position. 

The advocates of preferential trade, 
of whom there are many, seeing that in 
the Colonies public opinion is almost 
unanimous in favour of a rebate to the 
productions of the Mother Country, have 
in their minds the possibility of a com- 
mercial as well as a political unity of 
the British empire. Preferential trade, 
with the more advanced, would be merely 
a step to an end, #.e. free trade within 
the empire, with a hostile tariff against 
the rest of the world. The Colonies; 
however, are not in a position to raise 
the revenues required for the government 
and development of their countries by 
direct taxation ; and it is doubtful whether 
many, or even any, of them would be in a 
situation to sacrifice their tariffs for many 
years tu come. What the Colonies suggest 
is, in fact, this :—-“ If you will give us the 
control of your market for our food pro- 
ducts and raw materials ; we will give you 
the control of ours for your manufactures. 
This could be done by your placing a 
small import duty upon all imports com- 
peting with Colonial produce ; whilst we 
will grant you, in return, a rebate of so 
much, upon our existing tariffs.” 

The objections to this proposal appear 
at first sight somewhat formidable. The 
economist, in the first place, might say that 
such an arrangement is not consistent with 
sound finance, though that is a point which 
would well bear debate, since the econo- 
mist is too apt to regard his science as 
an end in itself, instead of a means of 
human- development. But undoubtedly 
the greatest obstacle to any scheme for 
developing colonial trade with the Mother 
Country, comes from the apparently un- 
shakeable determination of the political 
powers of this country, not to permit of 
any step which will have the effect of 
interfering with the principle of Free 
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Trade. “A preferential tariff arrange- 
ment with the Colonies,” they say, 
“would entail a tax upon food and raw 
materials. That again, would entail an 
advance in the cost of manufactured 
articles, so that our export trade with 
foreign nations—twice greater than that 
with the Colonies — would fall away, to 
the injury, not-merely of manufacturers 
but of the mercantile service, and. the 
enormous banking and exchange business 
which depends upon this traffic. More- 
over, the people of this country could 
never be brought to consent to any enact- 
ment which would have the effect of 
permanently increasing the cost of their 
food.” 


Pro and Con. 


Against this it is retorted that the rapid 
extension of our Colonial markets in a 
short time would fully compensate us for 
any loss of trade in other directions ; 
whilst the priceless advantage of securing 
a safe, dependable supply of food from our 
own Empire would be an ample return for 
a possible increase in the cost of food and 
raw materials, too microscopic in propor- 
tions to be practically discernible. 

There can be little doubt there is, what 
may be a slow, yet; at the same time, a 
steady, revulsion of opinion in this country 
on the subject of the fiscal relations with 
the British Colonies. The dissatisfaction 
aroused by the frantic struggles of our 
industrial rivals to get in first to a market 
which we have the right to hold to our- 
selves against all comers is both widespread 
and deep. 

We beg to express the conviction that 
unless some kind of preference is afforded 
to British manufacturers in the Transvaal 
and Orange River Colony, we shall have 
simply opened up at stupendous expendi- 
ture new markets for the benefit of our 
rivals. We have had to pay for the war, 
and are entitled to some preference in our 
own markets over nationalities who, during 
its continuance, took every opportunity of 
expressing their hostility to this country 
and their sympathy to those who, at that 
time, were our enemies. 
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The Metric System. 


THE necessity of abandoning the anti- 
quated medley of unconnected units which 
compose the official system of weights and 
measures still in use in this country has 
for many years past. been fully grasped, 
and put forward with untiring energy, by 
a few of our leading engineers and phy- 
sicists. Unofficially, much progress has 
been made in the employment of the 
metric system, which has_ been officially 
adopted by every civilised nation, with the 
exception of Great Britain, the United 
States, and Russia. Russia, moreover, 
has gone so far in the direction of its 
adoption that it may practically be ex- 
cluded from the list. All our accurate 
scientific work is now recorded in this 
system, and it forms the basis of all 
the measurements pertaining specifically 
to the great and growing industry of 
electrical engineering. 

In this respect, indeed, we have no 
cause for self-reproach, for the system of 
electrical measurement which is in uni- 
versal use is the outcome of the labours 
of the British Association Committee on 
Electrical Standards. 

In spite of this, however, and in spite 
of ‘a Parliamentary Committee having 
reported in favour of adopting the metric 
standards, we still officially retain our 
ancient medley. 

If we delay much longer we shall be 
the ony civilised nation which does not 
officially use the metric system ; for our 
American cousins are now fully alive to 
the disadvantages entailed, in competition 
for the markets of the world, upon the 
users of standards which are not generally 
recognised. 

The leading part in pressing this matter 
forward in the United States has been 
taken by the Franklin Institute, of 
Philadelphia. From a paper read before 
this institution last November, by S. W. 
Stratton, the Director of the National 
Bureau of Standards, and published in 
the Journal of the Institute for February, 
we quote the following paragraph :— 


‘*Whatever may be said of the advantages to 
be gained by the adoption of uniform and correct 
standards in any country applies still more in 
regard to uniformity of standards between nations, 
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The introduction of modern methods of trans- 
portation and communication have brought the 
countries of the world into closer relation than 
were the counties of Great Britain a century ago, 
and while the question of a universal system of 
weights and measures has been discussed for many 
years, the adoption of such a system has become a 
necessity at the present time. The choice of the 
fundamental standards for this system is a matter 
of convenience, but that it be a decimal system is 
of paramount importance. The metric may be 
no better than the yard, but the metric system is 
a decimal system.” 


His paper concludes with a sentence 
which, in common with the quotation 
which we have given above, we heartily 
endorse. 


‘*There is no doubt,” says the author, ‘‘in the 
mind of any thinking person but that a universal 
system must soon be adopted, and no system 
offering advantages equal to that of the metric 
system has yet been devised.” 


The March issue of the same journal 
contains the report of the special com- 
mittee appointed by the Franklin Institute 
to consider the feasibility and advisability 
of the adoption of the metric system in 
the United States. 

The conclusions arrived at by the 
committee are as follows :— 

‘*Whereas, It is desirable to obtain an 
international standard of weights and 
measures, also to simplify and regulate 
some of our existing standards ; and 

“Whereas, The metric system is com- 
mendable, not only as a suitable inter- 
national standard, but also for facility of 
computation, convenience in memorising, 
and simplicity of enumeration ; 

“ Resolved, That the Franklin Institute 
approves of any movement which will 
promote the universal introduction of the 
metric system with the least confusion 
and expense. 

‘Resolved, That the National Government 
should enact such laws as will ensure the 
adoption of the metric system of weights 
and measures as the sole standard in its 
various departments as rapidly as may be 
consistent with the public service.” 

The report was adopted by a decisive 
majority, after a protracted discussion and 
the consideration of a large amount of 
correspondence from prominent manu- 
facturers and professional men throughout 
the States, whose opinions on the report 
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had been solicited. We shall refer again 
to these as soon as they are published. 

A Bill is now before the Congress of 
the United States with the object of 
bringing about the reforms advocated 
above, and our ably conducted — con- 
temporary the Léctrical World and 
Engineer, of New York, recently sug- 
gested that— 

‘The ideal method would be for the United 
States to enter into an agreement with Great 
Britain and her Colonies, whereby, on and after a 
certain date, the existing medley should be re- 
placed by the metric system in all official docu- 
meuts, both here and abroad, by mutual consent.” 


This is a proposal which we should 
most heartily endorse, if it be not already 
too late, for the Committee on Coinage, 
Weights, and Measures, to whom the 
Bill was referred, presented on the 21st 
of April last a long and interesting report 
in favour of a Bill of which the text is as 
follows: “Be it enacted by the Senate 
and House of Representatives of the 
United States of America in Congress 
assembled, That on and after the first 
day of January, 1904, all the departments 
of the Government of the United States, 
in the transaction of all business requiring 
the use of weight and measurement, 
except in completing the survey of public 
lands, shall employ and use only the 
weights and measures of the metric 
system; and on and after the first day 
of January, 1907, the weights and 
measures of the metric system shall be 
the legal standard weights and measures 
of and in the United States.” 

Lord Kelvin, during his recent visit to 
the United States, was asked to give 
evidence before the Committee, and, in 
complying with the request, strongly 
advocated the introduction of the metric 
system. Want of space prevents our con- 
sidering more than a few of the most 
important points of the report, which is 
of the greatest interest throughout to all 
who are in any way concerned either with 
international trade or with education—in 
other words, to all thinking men. It is 
reproduced in full in Science of May 23rd. 

It is pointed out that the great diff- 
culties which seemed to stand in the way 
have been overrated, for its introduction 
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into Germany, Austria, and other European 
countries was accomplished with little or 
‘no confusion. Estimates made by the 
Department of Education and others show 
that the work of at least two-thirds of a 
year in the life of every child would be 
saved by the adoption of the metric arith- 
metic ;.and the Committee call attention 
to the fact that the British Parliamentary 
Committee having in charge a similar 
investigation estimated the saving of time 
at one year. 

This is a point that should be insisted 
upon by those who are endeavouring to 
bring this reform about. It would probably 
be difficult to arouse any great enthusiasm 
among our unthinking masses by even 
the most skilful and convincing exposition 
of the advantages which such a reform 
would confer upon our exporters. The 
possibility, on the other hand, of shorten- 
ing the term of compulsory attendance at 
school by from nine months to a year 
would appeal to them in the strongest 
fashion. 

In considering the necessity *’of the 
metric system from the point of view of 
international commerce, the opinion is 
quoted of the president of the National 
Manufacturers’ Association of the United 
States to the effect that “‘ wherever manu- 
facturers undertake to extend their trade 
in foreign countries, they encounter the 
Metric system, and it is the only system 
of absolute uniformity which prevails 
throughout the world”; and that of the 
director of the Philadelphia Commercial 
Museum, who states as his belief that 
“millions of dollars are lost every year 
in transporting our weights, measures, and 
money from that of one country to another 
in our international business relations.” 

It is not suggested in the United 
States, and we would not suggest here, 
that any compulsion should be exercised. 
If the change were made officially, the 
new system would be rapidly adopted by 
all our more far-seeing and energetic 
manufacturers, and the others would 
gradually learn the disadvantages to them- 
selves of continuing in the old rut. It 
would probably be many years before the 
metric system became universal among 
the smaller retailers and in remote vil- 
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lages, but it would gradually spread from 
the manufacturers to the larger retailers, 
and then filter downwards, and it cer- 
tainly appears to us that a change which 
must, in the nature of things, come 
sooner or later, would thus be effected 
in the manner which would cause the 
smallest possible inconvenience. 

It is certainly not to our interest to 
lag behind the United States in this 
matter. Our manufacturers have for a 
long time felt the inconvenience of our 
insular system in catering for the Euro- 
pean markets, and the more enlightened 
ones have already gone some considerable 
way in adopting the new system for ex- 
port goods, while retaining the old for 
home consumption. This inconvenience 
will be greatly intensified if the new 
system becomes the official one in the 
United States while we are still clinging 
to the old one. 

x» 


The Triumph of British 
bocomotives. 


FOLLOWING up the remarks we made 
on this subject in our last issue, we do 
not agree with the opinion expressed in 
Lord Cromer’s report that “the British 
weak point is the time required for 
executing orders”: it is an expression 
that is scarcely consistent with essential 
points mentioned in that document. A 
great deal of nonsense is often talked 
about the dilatoriness of British firms, 
especially by people who are ignorant 
of the facts. Without considering 
the restrictions entailed by Government 
methods of inspection in Great Britain, it 
is perfectly manifest from the contents of 
Lord Cromer’s report that under a given 
specification both American and Belgian 
makers might be able to finish a batch of 
engines more quickly than British makers, 
because both of the former put very much 
less work on their engines, the Americans, 
avoiding the expenditure of time in the 
proper finish of details, and the Belgians 
neglecting workmanship that ought to be 
employed in making the materials harder 
and more durable. Under these circum- 
stances it is just as absurd to complain of 
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delay as it would be to find fault with a 
firm of conscientious contractors for not 
executing work with thecelerity of a “jerry” 
builder. The real source of the trouble is 
to be found in the improvident and hand- 
to-mouth methods of most Governments. 
They generally neglect the ordering of 
locomotives for years, and then suddenly 
discover that traffic cannot be continued 
unless a large number can be procured 
within an unreasonably short space of time 
We have lately drawn attention to an 
example of this improvidence in India, 
and the following extracts show. that very 
similar conditions have prevailed in Egypt. 
Thus we learn that “from 1895 to 1897, 
for financial reasons, no locomotives were 
ordered ; while during the same period 
large extensions were opened and the 
traffic increased nearly 20 per cent., with 
the result that it became urgently necessary 
to order some 70 engines.” Mr. Trevithick 
then reported that ‘‘ while he did not con- 
sider the American design suitable, he 
could not undertake to work the traffic 
for eleven months without additional 
engines.” Next we read “at the end of 


1899 we were still alarmingly short of 
locomotives,” and “for various reasons no 


goods engines were ordered.” These 
extracts show that a state of urgency had 
been allowed to develop, and the result 
was that British quotations, based on the 
official specifications and the usual restric- 
tions as to quality of material, inspection, 
and finish, were flung aside, and contracts 
were made for American engines, without 
any stipulation as to design, inspection, or 
finish. The only safeguard was a promise 
from the American firm that the engines 
would “‘be of equal power and equally 
suitable to the work which had to be 
performed,” and this promise was appar- 
ently accepted in the face of the opinion 
held by Mr. Trevithick that American 
designs were unsuitable. We now learn 
from the report that the engines supplied 
were not, as alleged -by the makers when 
tendering, of equal power and equally 
suitable for the work with the designs put 
out to competition. This is quite what 
might be expected, but we do not think it 
affords any reasonable basis for unfavour- 
able comment on British “ delay.” 
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With the view of showing what can be 
done in the way of prompt delivery by a 
British firm when conditions are com- 
paratively favourable, we’ may mention 
the following facts, furnished by Messrs. 
Dubs & Co., the well-known locomotive 
builders, of Glasgow :—-“‘On Sept. 2nd, 
1895, we got an order from a Colonial 
Government for eight heavy engines and 
tenders. These were shipped and _ in- 
voiced on December 26th and 31st, 1895, 
and January 16th, 1896—that is, com- 
pleted in practically four months from the 
date of order. On October 11th, 1895, 
we received an order for five more of the 
same engines, and these were delivered on 
February 4th and 13th, 1896—that is, in 
less than four months, though the New 
Year holidays intervened. On Oct. 21st, 
1895, we had an order from the same 
Government for eight still heavier engines 
and tenders of a different type, and these 
were delivered between April 11th and 
28th, 1896; and in June, 1896, we re- 
ceived from the same Government an 
order for 40 engines and tenders, all of 
which were delivered between December, 
1896, and June, 1897.” From the above 
it may be gathered that people are entirely 
at sea who write as if American builders 
can produce engines in as many weeks as 
British builders require months. No doubt 
many of our leading firms are full of orders, 
and this may tend to retard deliveries to 
some extent; but so far as Government 
requirements are concerned, the great 
difficulty is to be found in demands for 
variations of detail and design, and in the 
system of inspection adopted. 

The chief reforms to be desired are the 
abolition of middlemen in the form of 
consulting engineers and inspectors, and 
the elaboration, by the leading locomotive 
experts, of standard tests for materials and 
standard designs for working parts, leaving 
each builder free to introduce such modi- 
fications of general design as might be 
dictated by experience or that would be 
necessary for complying with varying traffic 
conditions. As things stand, Government 
officials and engineers hinder the builder, 
and then complain of the resulting delay. 


» 





Some Notes on British Bridgework. 


By W. H. THORPE, A.M.Inst.C.E. 





FACSIMILE OF A TOKEN STRUCK IN COMMEMORATION 
COMPLETION OF THE IRON BRIDGE AT COALBROOKDALE. 


HE engineers of these islands were 
the first to introduce successfully 
the use of metallic bridges. Pass- 
ing by an attempt in 1755 to 

apply cast-iron to the building of a bridge 
at Lyons, of which one rib was set up in 
the founder’s yard, the project being then 
abandoned, the earliest structure of the 
kind brought to a more or less successful 





completion is that at Coalbrook- 
dale, a span of too ft. This 
bridge, of which the foundation 
was laid in 1769, though the 
date of the design executed, 
prepared by Thomas Pritchard, 
of Shrewsbury is 1775,w as not 
completed till 1779; and it may 
well be questioned whether the 
proposal to use iron was seriously 
entertained at thecommencement. 
The ironwork was supplied by 
Abraham Darby, of the Coal- 
brookdale Works; a local iron- 
master, named Wilkinson, said 
to be “iron mad,” and who 
prophesied the general use of 
iron for bridges, ships, and 
houses, being a very strong 
advocate of the innovation. It 
was, indeed, largely due to his 
insistence that this material was 
adopted, Pritchard having been 
instructed to prepare his designs 
accordingly. It is of interest to 
note a legend exists, to the effect that 
as the ironwork was in process of erection, 
a strolling fiddler passing that way was 
assailed by the men engaged with rough 
chaff. The musician vowed that if they 
did not desist he would “ fiddle the bridge 
down.” Derision following this vain boast, 
he set to work, soon found a note to 
which the ribs seemed to respond, and 
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applying himself vigorously, with judg- 
ment timing his efforts to produce the 
greatest effect, soon had the structure in 
such a state of tremor that the workmen 
at last begged him to forbear. This story 
may be a fabrication, we cannot vouch for 
it, but the fact that it obtained currency 
shows clearly the nature of the apprehen- 
sions entertained by the critics. Un- 
fortunately, the abutments of this bridge 
closed in to some slight degree, and did 
damage to the ribs, but not to the extent 
of causing its destruction. Following 
this was an en- 
deavour made 
by Thomas 
Paine, the 
many-sided 
author of the 
“Rights of 
Man,” tosecure 
the construc- 
tion of a cast- 
iron arched 
bridge over the 
River Schuyl- 
kill; he pre- 


pared designs 
and a model 
in 1787, which, 
after being sub- 


mitted to the 
Pennsylvania 
Assembly, were 
taken to Eu- 
rope, laid before 
the Academy 
of Sciences in 
Paris, and then 
brought to Eng- 
land, a contract 
being ultimately placed with Messrs. 
Walker, of Rotherham. 

After erection temporarily at Padding- 
ton Green, and remaining on view for 
some time, there appear to have arisen 
financial difficulties, following the death 
of a colleague, the ironwork never reach- 
ing its original destination, though it is 
said to have been used in the bridge 
of 236-ft. span over the Wear at Sunder- 
land, completed in 1796; but this is 
probably true of the metal only, as Payne’s 
bridge is alleged to have been broken up. 


OLD CHAIN CABLE BRIDGE AT MIDDLETON IN TEESDALE; ERECTED 1741. 
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Both the Coalbrookdale and Sunderland 
bridges, it is noteworthy, have outlived 
many more modern constructions. 

Of early suspension bridges little can 
be said. The idea is extremely ancient ; 
it is almost ‘impossible even to assign a 
date for any such example having a 
metallic cable, which may be said to 
be the first having this peculiarity. It is, 
however, worthy of remark that a suspen- 
sion bridge of chain cable, 70-ft. span, 
stretching between rocky banks, was set 
up over the River Tees at Middleton in 
the year 1741 
for the use of 
miners, and 
remained in ex- 
istence over 80 
years, though 
an accident 
occurred in 
1820, when one 
of the cables 
broke. 

The. first 
example. of a 
cast-iron ~ rail- 
way bridge 
came into ex- 
istence in 1823, 
upon the Stock- 
ton and Dar- 
lington Rail- 
way under the 
direction of 
George Ste- 
phenson ;_ this 
was not re- 
moved till last 
year. Fromthe 
very infancy of 
railways, indeed, cast-iron was very largely 
employed for bridges, some extraordinary 
examples being erected before the very 
necessary control of the Board of Trade 
tended to bring practice to some uni- 
formity in the matter of limiting stresses. 

A serious disaster in 1847 to a new 
bridge over the Dee at Chester—of which 
Robert Stephenson was the responsible 
engineer, and consisting of three spans 
of 98-ft. clear, each span having cast-iron 
girders in three lengths, bolted together 
and trussed with wrought-iron rods — largely 
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contributed to check the almost unlimited the River Mersey at Runcorn with cables 
confidence of engineers, and to precipitate made up of }-in. square wrought-iron 
legislative interference. It is easy to be rods, of 27 tons per square inch ultimate 
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wise after the event, and with present-day strength, stressed in work to close upon 
knowledge, the temerity of the early en- half that amount. At the inquiry follow- 
gineers is a little astonishing. Telford, ing the Dee Bridge accident, one witness 
for instance, seriously proposed to span stated it had been an established rule in 
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¢ 
practice that from one-third ‘to one-fourth 
of the breaking load was considered the 
safe load using the larger fraction for 
the smaller bridges. This is quite con- 
trary to later usage, and probably resulted 
from a distrust of large castings. 

Touching the first use of built-up 
wrought-iron girders, Wm. Handyside, 
in 1847, addressing a meeting at the 
Institution of Civil Engineers, said that 
in St. Petersburg cast-iron girders, in 
buildings, had for some years been aban- 
doned in favour of wrought-iron girders, 
consisting of several plates riveted together, 
and having angle-bars at the top and 
bottom on both sides. A beam of this 
kind, it is evident, would be intermediate 
in type between the rectangular beam and 
flanged girder, and it is probable that 
the angle-bars were first used to give 
lateral stiffness, as Mr. Handyside refers 
to the necessity for insuring this. It is 
apparent that in these angle-bars we have 
the rudimentary flange. As a digression, 
it may be noted that this engineer did 
much important work in Russia, which, 
had it been executed in this country, 
would no doubt have made him more 
famous. His most startling achievement 
was the raising of a granite monolith of 
12 ft. diameter, 84 ft. high, on a base 
30 ft. above the ground, which was accom- 
plished in 25 minutes. 

As the firstfruits of the inquiry 
instituted with respect to the Britannia 
Bridge tubes, in 1847 the first wrought- 
iron box girder bridge was constructed 
for Vignolles by Wm. Fairbairn, to carry 
the Blackburn and Bolton Railway over 
acanal. The clear span was 60 ft., and 
consisted of three such girders, with a 
suspended timber floor. This bridge has 
now been replaced by a more modern 
structure. 

In all this English engineers took 
the lead, some with care, others boldly 
blundering to a better knowledge of their 
craft. 

From that period forward the develop- 
ment of bridge design in this country has 
slowly proceeded ; for many years—it is 
almost heresy to say it—the tendency, 
perhaps, was to design bridges with the 
minimum of precise knowledge that might 
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be supposed sufficient, except in a few 
notable instances, in which the prepara- 
tion of drawings for any unusual work 
was preceded by exhaustive study; but 
once an example had become established, 
it was the model for many others. This 
may be justified so long as no advances 
are made, but the system has been carried 
to the extremity of conservatism. 

The need for improvement in design 
has been the less apparent because the 
engineering of new works, and the main- 
tenance of old have commonly been con- 
ducted by entirely different bodies of men, 
the experience of the one has not been 
made available to the other, to the extent 
desirable, and neither have been in close 
touch with the manufacturer. The three 
controlling influences in the cost and 
durability of bridgework, design, manu- 
facture, and maintenance, have gener- 
ally in this country, by an almost com- 
plete separation, but little effect one on 
the other, though it is manifest a 
knowledge of all three is necessary to 
insure good results. 

The ordinary bridgework of English 
railways is, too, so small, and the con- 
ditions as to span, angle of skew, and 
construction depth so various, that it is 
difficult to do much in the way of standard 
designs. Even for the same railway, each 
case is dealt with on its merits, or, to be 
correct, is supposed to be so dealt with, 
and though any one case may get a fair 
amount of attention, it certainly has less 
study devoted to it than might reasonably 
be expected if the particular span had to 
be repeated 100 times. The infrequency 
of repetition work, in which it is manifestly 
desirable to bestow great care on detail, 
checks the development of systematic 
economy in design. And, as a rule, it is 
only in particular instances where there 


is on the designer’s part a strong personal 


instinct towards economy that the attempt 
is made. It may reasonably be questioned 
how this limited view of the matter affects 
the general question of British bridgework 
abroad, as well as at home, but it is to be 
considered that the methods applied to 
the design of bridgework for abroad are 
not so very dissimilar to those applied to 
home work. The designer quite possibly 
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details thousands of tons, which he néver 
sees either in the yard or on the site, and 
of the after history of which he knows 
nothing. 

There is an idea somewhat prevalent 
that economy in detail, simplicity of parts, 
disuse of smithing, and moderate rivet- 
ing, make no difference in the cost to the 
buyer; that it does not show at so much 
per ton; but it is apparent, other things 
being equal, that the engineer who pro- 
duces designs to be carried out at a low 
shop cost, must in the end, when this 
becomes known, get cheaper bridges than 
would otherwise be the case, though it 
may not be manifest in any and every 
contract. 

It may be conceded, however, that no 
amount of skill devoted to design by con- 
sulting engineers,-and their expert assist- 
ants, can result in the production of 
bridges costing so little and produced 
so quickly as those which with equal 
skill may be made under the American 
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system, in which each manufacturer, while 
limited by a rigid specification to ensure 
that he confines his attention to legitimate 
economies, tenders on his own design. 
To adopt that procedure in this country 
would completely disorganise our present 
routine, upset both engineers and makers 
alike, and though it may come to that 
in time, it need not, if our present methods, 
cumbersome and wasteful, are improved ; 
retaining the one advantage our system 
possesses, that the engineer has his own 
designs carried out, not those of a manu- 
facturing firm. 

It is not to be denied that, however 
excellent the work of first-rate American 
firms may be, the not uncommon prac- 
tice in that country of leaving so much 
to the maker, without efficient and in- 
dependent professional control, has re- 
sulted, and still does result, in an extra- 
ordinary number of bridge failures, a 
record without a parallel in any other 
country. 
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GREAT deal has been written con- 
A cerning the superiority of the 

metrical system from the ‘practical 

standpoints of ready-reckoning and 
book-keeping, when compared with the 
omnium gatherum system of weights 
and measures in the midst of which we 
have grown up. The undeniable good 
points of the metrical system are almost 
wholly due to the uniformity with which 
it covers the vast area of mensuration, 
the simple interrelation of the various 
units of which it is composed, and the 
practical way in which the whole system 
of weights and measures is based on the 
decimal notation, and on a single arbi- 
trary unit of length. The question 
whether the deliberate choice of the 
French savants, at the end of the 
eighteenth century, of the meter as that 
arbitrary unit would be endorsed by even 
their national successors, let alone by a 
congress of world scientists of the present 
day, has long become one of purely 
academic interest. This is the case, in spite 
of certain obvious advantages which would 
attach to the adoption of a standard more 
exactly correlated with the units, which 
have sprung up around the -nineteenth- 
century notion of work, which could have 
been met, for example, by making the 
meter 21°976 millimeters shorter or call- 
ing the acceleration per second due to 
gravity at the equator ten standard units 
of length. 

Such questions may safely be relegated 
to the same corner of our reference 
library as the fascinating speculations as 
to the existence of an imperial single-unit 
metrical system side by side with the com- 
mercial multiple-unit systems in ancient 
Babylon, and the great Pyramid system 
of units derived from the dimensions of 
our globe itself. 

Whatever might be our choice of units, 
could we start afresh with a clean slate, 
the circumstances which we have now to 


face remain practically unaltered. The 
metrical system, with its arbitrary stan- 
dard meter, has been adopted by such a 
large section of the world’s inhabitants, 
by such a large proportion of people with 
whom we must maintain trade relations, 
that as reasonable business men we 
must, in the interest of our foreign trade, 
endeavour .to alter our standards in con- 
formity with the views of our customers. 
Furthermore, if we consider the endless 
multiplicity and wearisome complexity of 
the units for weights and measures 
which were in current use throughout 
Europe before the introduction of the 
metrical system, the universal: approval 
with which it has been received can 
be no matter of wonder. A good deal 
of our disinclination and distaste for 
the change which we see looming in 
the distance doubtless arises from the 
fact that we have been sensibly emanci- 
pated from a proportion of the multi- 
plicity and complexity of our good old 
weights and measures by the imperial 
standards, which simplified and did away 
with so many of them. Were it other- 
wise, we should be among the first to say 
that life is too short in the twentieth 
century to carry on trade under the con- 
ditions they imposed. 

Each trade and each occupation in the 
good old days seemed to take a special 
pride in possessing its own exclusive 
system of units, bearing special distinctive 
names, and more or less wholly unrelated 
to the units adopted by other trades and 
occupations. It should be remarked, in 
passing, that the practice of adopting dis- 
tinctive names to indicate units used in 
connection with special branches of science 
has been followed in the modern scientific 
world almost as universally as it was 
followed by the medizval guilds and pro- 
fessions in their special branches of trade 
and commerce. Their difference lies in 
the correlation and inter-dependence of 
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the various units in the one case and their 
isolation and independence in the other, 
. while their likeness lies in the recognition 
of the fact that a nomenclature must be 
distinctive just as the selected unit must be 
readily applicable or handy—to subserve 
the use for which they are required. 
Unquestionably the error of the good 
old days consisted in the absence of 
systematic correlation between the units 
of measurement used for the various 
trades and professions, rather than in the 
redundant nomenclature. Those who 
have not had occasion to look into the 
question of nomenclature rather closely 
would be surprised to find that the exi- 
gencies of: trade requirements have to a 
relatively considerable extent marred the 
uniformity and simplicity of metrical 
nomenclature, and introduced redundancy 
and complications strangely akin to our 
own. The inherent absurdity of measur- 
ing, say, earth, beer and grain by the 
uniform standard of a cube yard, instead 
of by that in the first case and the gallon 
and the bushel in the other two cases, has 
been thoroughly recognised, the result 
being the introduction of two supple- 
mentary standards with decimal multiples 
and divisions—instead of millesimal ones 
—to meet the case, one founded on the 
stere or cubic metre, the other on the 
litre = cubic decimetre, (See Table XII.). 
The same thing has occurred in square 
measure, where onesupplementary standard 
with decimal multiples and divisions has 
been added to the square meter with the 
centesimal divisions—to wit, the are or 
square decametre (Table XI.). In the case 
of weight, where the standard unit repre- 
sented is relatively too small a quantity for 
even its multiples to conveniently meet 
the requirements of railways and shipping, 
two new distinctive names had to be 
adopted, the quintal and the tonne. While 
in the ordinary trades supplying food stuffs 
a unit (the litre) was retained with the 
non-decimal divisions of 3, $, and 4, which 
was too handy to be discarded, the’ fact 
being that for ordinary everyday purposes 
the human brain and its minister the 
human tongue demand other qualities 
besides universality, uniformity and sim- 
plicity in the nomenclature of the standards 


FEILDEN’S MAGAZINE. 


of measurement humanity has to use. A 
measure, and especially its verbal token or 
name, must be distinctive, Ze. capable of 
easy recognition, to be of real avail for 
ordinary use. And these distinctive names 
must represent tangible units well suited 
to the special purposes for which such 
units are intended and required. Theo- 
retically it is doubtless admirable to em- 
body the idea of the basal units of length, 
area, and capacity, and weight, each in a 
single distinctive name, and label their 
divisions and multiples with prefixes which 
should indicate instantly and unmistakably 
their relation to their respective units and 
each other. In practice, however, such a 
system may prove both clumsy and in- 
applicable, for the selection of a unique 
basal unit in each case which will suit 
the whole range of measurement is an 
impossibility. Again, ascending and 


descending scales of magnitude, on the 
basis of ten, must inevitably prove in some 
cases too rapid and in others too slow to 


meet special requirements. These defects 
of scale entail either acquiescence in the 
use of long compound words expressive of 
intermediate values or the introduction of 
subsidiary names for special magnitudes, 
inexpressive of any correlation of units 
but unavoidable in practice. Here is a 
legitimate case where simplicity and ideal 
perfection may be called upon to give 
way to handiness and expediency. The 
admirable and timely paper.read by Mr. 
Arthur Greenwood at the Glasgow Meeting 
of the British Association last year elicited 
a useful and practical discussion on the 
question of the adoption of the metrical 
system, which showed what great strides 
have been made since 1864, when legis- 
lative permission was accorded to the use 
of these measures. The question has 
now almost entered the stage of practical 
politics in the commercial world, and the 
external pressure exerted by loss of com- 
merce in neutral markets, through remain- 
ing wedded to our insular system, cannot 
fail to bring it prominently forward before 
long. 

But to return to our own pet measure, 
no one who is accustomed to its use can 
deny that there is an inherent handiness 
in the length of the British 2-ft. rule 
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which is superior to the 3-ft. rule of 
Scotch workmen or the }-meter measure 
met with on the Continent. This is doubt- 
less due to the fact that the length of the 
2-ft. rule.represents the average result of 
the transmission through the ages of the 
cubital foot of Egypt and digital foot of 
Greece, which reached us through half-a- 
dozen different sources and at intervals 
of centuries. The inch and its divisions 
into vulgar fractions of the powers of two 
are inherently more handy than the deci- 
mal sub-divisions of the meter, as all 
those who are equally at home with both 
will generally acknowledge, to which fact 
abundant evidence is afforded in the 
history of comparative metrology. 

The chain in land measure, apart from 
its relation to the acre, is almost equally 
handy for its special purpose as the 2-ft. 
rule. In this connection it is noteworthy 
that this inherent handiness has been 


recognised among the users of metrical 
measures by the adoption of the double 


decametre (20 meters) for survey purposes, 
which isidenticalin length(within 6 percent.) 
with our chain ; while the hundredth part 
thereof, or double decimetre, which bears 
the samerelation of actual length tothe link, 
for similar reasons replaces our foot in the 
foreign drawing office. The moral is that 
if we must adopt the metrical system, and 
it seems indisputable that we ought, we 
can and should do it without sacrificing 
more of the inherent handiness and dis- 
tinctive character of our own weights and 
measures and their nomenclature than is 
absolutely unavoidable. 

The United States of America have 
paved the way to the adoption of the 
metrical system by decimalising the inch 
and the ton, while our own Colonies have, 
in many cases, done the same by adopting 
the “line” or 100-foot unit, the “square” 
of 100 square feet, and the “‘cube ” of 100 
cubic feet, and nearer home engineers and 
surveyors have worked in the same direc- 
tion by dividing their levelling staffs into 
feet and tenths. If we must swallow the 
pill, let. it be compounded of all the 
essential ingredients pertaining to the 
metrical system—and especially the under- 
lying arbitrary unit on which it is based— 
but let it be put up and labelled in British 
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fashion to suit our own predilections, while 
not neglecting the convenience of our 
customers. In other words, let us keep 
the names we are used to, and let them 
signify metrical values as closely equivalent 
to the values which have been evolved in 
these islands from the common metrical 
stock of antiquity (which use has made 
acceptable and association has endeared) 
as it is possible, so that the transition may 
be hardly perceptible. In so doing we 
shall be following the precedent set us by 
our Teutonic friends, who are nothing if 
not practical, and who were most prob- 
ably wholly uninfluenced by Gallophobia, 
in rejecting the French system of nomen- 
clature in favour of one more German 
in character. For these reasons we. do 
not feel at all disposed to agree with Mr. 
Greenwood’s objections on the score of 
confusion, or with his suggestion that it 
would be a favourable opportunity for 
paying a graceful compliment, 

In scientific circles at home, as well as 
abroad, the metrical system and its nomen- 
clature is already universally adopted ; and 
its extension to the field of semi-scientific 
pursuits and professions is assuredly only 
a question of time. The imperative 
necessity for the free interchange of data 
derived from experiment, and for the 
mutual understanding of theories evolved 
therefrom without cumbersome reduc- 
tions to different scales of units, compels 
uniformity. Were it possible to dissociate 
even toa moderate extent the manufac- 
tures for foreign markets ‘from those 
intended for home consumption, then 
it probably might be possible without 
detriment to our commercial interests to 
continue aloof from the majority of our 
customers in our insular standards of 
mensuration, but this is not possible. 

It is simply impracticable to have two 
sets of patterns, two sets of templates and 
jigs and two sets of scales and gauges 
in the same factory—any attempts in this 
direction can only eventuate in endless 
complications, errors and expense. The 
present patterns and other manufacturing 
paraphernalia would, no doubt, in any 
case, lapse and become obsolete with 
time, and new designs may be required to 
pave the way for the coming change, but 
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TABLE I.—PROPOSED NEW VALUES FOR OLD NAMES. 


Long Measure. For ordinary purposes. 








Difference in 
actual length 


Difference from old 
measure, per cent. 


Mile. BR a. 
Increase. Decrease. hataeiane: Decrease. 
1°5748 | o’or57ins. = 
o*4mm. 
1°5748 0°0629ins. = 
‘7mm. 
9°3613 3#ins. = 
85°65mm. 
1°89 14‘60ft. = 
times as jlong. 4°97m. 
18°88 | 311 °50ft. = 
times as |long. | 94°97m. 
I ... | 40°9305 EA. 720°38yds. = 


609°315m. 


metre. 


— Inch. Hand. Yard. Rod. Pole. 
alue. | 
Metres. | 
0°025 I 
ov! 4 I 
1'0 40 10 I 
10°0 400 100 10 I 
100°0 4,000 | 1,000 100 10 | I 
1000°O 40,000 | 10,000 1,000 100 | 10 
oe Quarter | , 
Metrical of a Deci- ane Deca- | Hecto-| Kilo- 
awit Deci- metre. | ~ "© metre. | metre. 
valents. 
metre. 











Note.—The new metrical inch, fixed at 0°025 m., would be for all ordinary and non-scientific forms 


of measurement indistinguishable from the present inch. 


The scale of identity of the new rod, pole, and 


mile with the old units would unfortunately have to be lost, as the kilometre and old mile are so far apart 


in size. 


The familiar words, ‘‘ rod,” ‘‘ pole,” and ‘‘ perch,” of identical value, are almost obsolete in use, 


and might therefore be used to denote unidentical values of a different scale of magnitude without 


inconvenience. 


we cannot afford to wait if we mean to 
hold our own in the foreign markets of 
the world, either the necessary time or the 
inventive evolution involved. 

There is no question that the time has 
arrived when the leaders of the various 
trades should take the courage of their 
convictions in their own hands, and 
recognise in a positive, practical fashion 
the advantages of the metrical units. 
This recognition might well take the form 
of a convention, ratified by the Chambers 
of Commerce, to adopt permissively an 
inch of 25 millimeters, a foot of 300, anda 
yard of 40 of these new inches ( = 1 meter). 
In selecting a foot commensurable with 
metrical units, there would evidently be 
the choice of two alternatives, viz. the foot 
of 12 new inches or 30 centimeters in 
length, shorter by 1°5748 per cent. than 
the present foot, or a foot of one-third 
of a meter, which would be longer by 
9°3613 per cent. The latter in addition 
would possess the serious disadvantage 
of being decimally incommensurable. In 
a similar way, the Colonial “line” of 
3 new rods (= 30 meters) would be prefer- 


able to one of one-third of a new pole, 
and closer to the original length. The 
proportionate variation in the prime cost 
of sales effected by the new inch and foot 
would be about 4d. in the shilling and 4d. 
in the pound, as against the old measures, 
while with the new yard there would have 
to be a relative increase of 14d. in the 
shilling and 1s. 10d. in the pound. In 
surveying, where it is evidently desirable 
for the coincidence to be closer, the pre- 
served identity would be within 0°5797 
per cent., or about one-half a link in the 
chain. For further details of the proposed 
changes, we would refer our readers 
to Tables I. and II. In square measure, 
the essential unit with us is the acre, 
with its relation to the chain. The 
latter is maintained, but the area of 
the former would have to be diminished 
by 1°1564 per cent. to make the new 
acre exactly two-fifths of the hectare. 
Curiously enough, the new rood, a’ 
quarter of the new acre and one-tenth 
of the hectare (equal exactly to the 
decare), would remain identical with 
the old rood, within the same limit of 
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TABLE III,—PROPOSED NEW VALUES FOR OLD NAMES. 
Square Measure. For ordinary purposes. 


| Difference from old 


Ba Square Square Square Square Square measure per cent. 
Metrical value. Hand. Yard. Rod. Rood. Pole. Mile. 


Increase. Decrease. 
Square Metres. 
o’ol I = aa ped WS “a es a ss em 
orl 10 I eee nee ave ee eee eee coe ese eee 
10 100 10 I du Se ie 5 gee .. | 19°603 
10°0 1,000 100 10 I ; ick ees 
times 
100°0 10,000 1,000 | 100 10 Bl enc oP bie * 3°954 ar 
1,000°0 100,000 10,000 | 1,000 100 | 10 “Pee ea Be ¥ 1°1565 
10,000°0 1,000,000 100,000 10,000 1,000 100 10 I ae oa 
100,000°0 | 10,000,000 1,000,000 | 100,000 10,000/ 1,000 100 10 ‘i ie ~ 
1,000,000°0 | 100,000,000 | 10,000,000 |I1,000,000 | 100,006 | 10,000 | 1,000 100 10 ... 61°389 
= Square 
Square Square — one 
Decimetre. Milliare. Metre. Deciare. Ca- “ Decare.| metre. | Kilare. 


ao . metre. 
Dixmilliare. Centiare. “ Hect- 
er are. 


Metrical 
Equivalent. 





Nots.—The old rood is 1,011°7 square metres, or within 1°1565 per cent. of the decare; 24 acres are 
similarly within the same percentage of excess equal to the hectare. The new acre would remain = 4 roods = 
10 square chains, as at present. 

To reduce to metrical units (metres), take square yard as unity and progress by 100; or to ‘“‘ares,” take 
square rod as unity and progress by 10. To reduce new acres to metrical measure metres, multiply by 4 and shift 
decimal point three places to the right; and to ares (square rods), multiply by 4 and shift decimal point one 
place to the right. ' 


TABLE IV.—PROPOSED NEW VALUES FOR OLD NAMES, 
Measures of Capacity. New Wine and Beer Measures. 


Difference from old 


| men pes 
7 
| measure, per cent. Va 


ue of new 

| Measure as 
+ = | Inthe In the compared 
| Increase. | Decrease. 4 Shilling. with old. 


Difference in value. 
} 





Value. 


) : 
Metrical Gill. Quart. Pin. /Kilderkin Tun. 
| 


Litres. 
o'l a - sot ve ote 29°565 | 
1‘O ve ine hice nd 11°947 
10°0 dan one aa 12°614 | 

100°0 * 22°888 

1,000°0 : 1,000 | 10 ths 


mole 


tow 
OTS 


12°655 
At the temperature 


| of maximum density. 


Weight. Quadruple! nouble Ib] Tod. | Pack. | Ton. 


Metrical 
Equi- Decilitre. Litre. 


valents. 


] 
Deca- | Hecto- Kilo- 
litre. litre. litre. 





zeT, v Difference from old . . Approximate 
Jifference in value. 
measure, per cent. Differenc Value of new 


Metrical Miscellaneous Values of old Names. 


Value. For Wine and Beer Trades. Measure as 


+ - In the In the compared 
| Increase. Decrease. 4 Shilling. with old. _ 
Litres. s. a. d. 

200 Tierce = 200 new quarts. ...| +4°818 we +o 114 +o4 
250 Hogshead (Beer) = 250 wes] +1°9Q07 ea +0 44 +o} 
300 m (Wine) = 300 w +4°814 ot +0 114 +o4 
350 Puncheon (Beer) = 350 ws) +7°002 Sel +1 4% + of 
400 od (Wine) = 400 | £4°318 a +0 114 +04 
600 Pipe = 600 ...| +4°849 ou’ +0 115 +o4 





Note.—To reduce to metrical units (litres) take the quart as unity ; or to metres (new yards) cube 
take the tun as unity. 





A Short Cut to the Metrical System. 


TABLE V.—PROPOSED NEW VALUES FOR OLD NAMES. 
Measures of Capacity, New Corn and Fruit Measures, 


| 
| 


Approx. | 


e, Difference from ~~ Difference in 
ic: Id s t. Value. 
— Gill. Quart. Peck. Sack. |Chaldron. tos cies tna nasoeed SPs: cee 
it 4 fo Inthe | Inthe 
Increase. | Decrease. Shilling. 


value of | 
new 
Measures 
compared 
with old, 


29°565 ara ~ 34 

. 11°947 |-2 — 1} 
10°049 bow +2 +14 
8°293 |-I -I 

14°025 |-2 9! — 13 


| 25 er 
| 


ohn 
ot 


10 I 

100 | 10 I : 
1,000 | 100 10 I Ne 
10,006 | 1,000 100 10 I 





Double T At the temperature 
ae on. n area 
cwt. of maximum density. 


ae Double lb. Tod. 


Weight. 


ae y Stere or 
Centi- Deci- Cube 


Metrical Dixmilli- Millistere. 
. . “| stere. stere. Metre 


Equivalents. stere. 


Metrical Miscellaneous Values of old Names. 
Value. For Corn, Fruit, and Coke Trades. 


Stere. 
0°250 
(24 Hectolitres) 


Quarter = 250 new quarts 


1°5 Wey =6 quarters= 1,500 new quarts 
(13 Kilolitres.) 


fe) Last = 12 quarters = 3,000 new quarts ... 


F Sal 
(3 Kilolitres.) 


Notr.—To reduce to metrical units (stere or 


11564 per cent. In square measure the 
French nomenclature is more, complete, 
though less logical, than in its system of 
long measure, owing to the adoption of 
the name “are” for the square decametre, 
with a scale of one-tenth for multiples 
and sub-multiples instead of one-hundredth. 
This, unfortunately, the resources of our 
own nomenclature will not allow us to 
copy (see Table III.) without the inter- 
polation of the three new names (left in 
blank), but our nomenclature in measures 
of capacity (see Tables IV., V., VJ.) is 
more than equal to the occasion. The 
quart and the litre or cubic decimetre 
are fairly close in volume, the difference 
being under 12 per cent., or about one gill. 
The advocates of temperance would 
hardly be sorry that every consumer of a 
quart of liquor were mulct of a gill, 
though the price paid were the same. 
Nor would brewers, wine merchants, and 
publicans rebel. The difference of three- 
halfpence in the shilling, and half-a-crown 


Increase. | Decrease. 


Ditierence from Difference in 
old measure per cent. Value. 


- In the In the ¢ 
Shilling. * 


new 
Measures 
compared 
with old 


; & d. 

— 14°025 } 12 
+3°164,... 4 
+3°136.. q 


centimetre) take the chaldron as unity. 


in the pound would in any case not be 
difficult to calculate, and the reputed 
quarts and pints might very well continue 
as they are. Table No. IV. gives a series. 
starting from the gill (= deciiitre) up to the 
tun (= kilolitre), which, with the new 
metrical tierces, hogsheads, puncheons, 
and pipes, should amply suffice for the 
wine and beer trades, especially when 
supplemented by the four higher values 
given in Table VlIa. for the intermediate 
measures. Tables No. V. and VIb. give the 
scale of measures for dry goods ranging 
from the gill (= dix-millistére) to the 
chaldron (= stére or cubic metre). The 
old saying by which “‘a pint is a pound all 
the world round” at last would become 
true; while the new gallon of water 
would still weigh 1o new lbs. or 5 kilo- 
grammes, under the same conditions of 
temperature, purity, and density that it 
does at present. 

The supreme advantage thus secured in 
the exact correlation of capacity and 


C2 
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A Short Cut to the Metrical System. 


TABLE VII.—PROPOSED NEW VALUES FOR OLD NAMES. 
Scale of Weights for usual Purposes, 


Difference from Old 
Weight per cent. 





Approximate 

| Value of New 

Weight com- 
pared with Old. 


| Double | Quad- | Double Quarter At Ton or 
| Drachm. ruple Oz.) Pound. | or Tod. Cwt | $ Last. | 


Metrical Value. | Scruple. 


Incr’se. Decrease. 





Gramme. 
x I 
10°0 10 I 
100°0 100 10 
1,000°0 1,000 100 
10,000°0 10,000 1,000 


me 22°068 
28°601 aid 
11°815 


10°232 


21°260 #8 
Ton Pack § Cwt. Pack 
1°578 8140! $% or 
Ton T 


on Last 
1°578 ei oor t# 


190,000°0 100,000 10,000 


Last 


100,000 I 0°949 


|Hecto- | 
, kilo. | Mega- | 
Metrical gramme 
Equivalents, | a ae 


| Quinta 


Deca- Hecto- Kilo- | Myria- 


av a 
Gramme gramme, | gramme. 'gramme gramme 
| 


gramm 
or 
1 Tonne. 





NoTe.—To reduce to metrical units (grammes), take the scruple as unity ; or to kilogrammes, take the 
double pound as unit. 
For general use, coal, etc., the pack, or double cwt., being practically the sack of coal generally 


in use. 


weight would more than compensate for 
any inconvenience incidental on the 
transition stage between the old and the 
new measures; and this will be readily 
apparent by inspecting the tables. The 
cubic inch and the cubic foot unavoidably 
drop out of the regular table for cubic 
measure, a new cubic inch being ;4 of a 
cubic decimetre or “ hand,” and ads of 
a cubic metre or new yard. The metrical 
foot of 30 centimetres (= 12 new inches) 
for purposes of three dimensions, in like 
manner with purposes of two dimensions, 
unfortunately remains incommensurable at 
+330 = 37°037, and would have inevitably 
to drop out of use. Tables VII., VIII. and 
1X. give the proposed new decimal scales of 
weights for various purposes based on the 
unit gramme, with the old names pre- 
served. Our present pound avoirdupois is 
10°2317 per cent. smaller than half a kilo- 
gramme, but the two-mark weight (pound) 
in use in France before the Revolution 
was lighter than the half-kilo by about 
the same amount, yet the name pound 
(livre) is still in current everyday use for 
the latter weight, the change in magnitude 
not having occasioned any sensible incon- 
venience, as both corresponded to an 


everyday want. The new pound would 
evidently do the same, and the difference 
in monetary value, 14d. in the shilling, 
and 2s. in the pound would be quite as 
easy to adjust as 10 centimes in the franc. 
The other important unit of weight, the 
ton, would, on the contrary, be diminished. 
but the variation would be only just over 
14 per cent., or 4d. less in the shilling, and 
4d. less in the pound. The tables are 
otherwise sufficiently explanatory of the 
suggested alterations in names and values, 
bringing the British measures in line with 
the metrical system. Tables X., XI., XII. 
and XIII. of metrical measures are 
appended to show the vast area which the 
French system covers. 

On the whole, in the proposed new 
values for old names, which we are 
suggesting as a promising method for 
smoothing over a very practical disability 
under which we are labouring in our 
foreign trade, the two laws which com- 
parative metrology reveals as governing 
the transmission of weights and measures 
through the ages have been fairly closely 
observed. 

The new weights have generally suffered 
a diminution while the lengths have suffered 
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an augmentation in value. 
With reference to the latter, 
it’ is curious to remark that 
through Easterling (Belgian) 
sources we derived from the 
Tungri a sequence of lineal 
measures with a mile of 6,610 
feet = 10 furlongs = 109 chains 
= 1,000 fathoms, very closely 
equal to the double metrical 
units proposed in Table II. 
The Tungrian or Drusan foot 
= 1 Roman foot = 11016 
standard British foot, with the 
corresponding “yard and a 
handfull” or 40-in. ell = 3°305 
ft. (= very nearly 1 metre, 
within 2} per cent. in excess), 
came to us at the same time. 
These measures held their own 
against those founded on the 
12-in. foot, which were intro- 
duced in A.D. 950, and, indeed, 
so successfully that they had 
to be suppressed by statute 
in 1430. To this extent the 
adoption of the new values for 
old names would constitute a 
curious reversion to a very 
ancient system of British 
measures. 

The enlightened policy 
which has been inaugurated 
by the Australian Common- 
wealth in the adoption of 
metrical units might well en- 
coufage those nearer home to 
follow suit. Peradventure the 
retention of the names which 
sound familiar to: our ears 
might make this adoption we 
are all resigned to, if not 
actually desire, all the easier. 


NORD WOICY Cut doe bse WOICY Soham WORD 
Cte GHD GRD HED NORD ene“ al 


Value of New 
Weight com- 
pared with Old. 


Approximate 


un ere) 
oot. m=. 
s@ Me 3 a 
ae - 
a 


Difference from Old 
Weight per cent. 
Decrease. 


| Increase. 





Half Ton. 
Half 
Mega 

gramme. 


| 
| 
} 


gramme. 


(avp.). 
I 

10 
100 
1,000 


Half Kilo- 
gramme 


Half Hecto- 
gramme. 


Double 
Ounce (avp.). 

I 

10 

100 

1,000 

10,000 


Drac hm 
(T roy). 


PROPOSED NEW VALUES OF OLD NAMES. 
Intermediate Scale of Weights No, 1. 


10 
100 
1,000 
10,000 
100,000 


Half Deca- 
gamme 


Butchers, etc. 


10 
100 
10,000 


100,000 
1,000,000 


TABLE VIII. 

Double Carat 
I, 

Half Gramme. 


~ 
= 
") 
‘= 
v 
<o 
~ 
= 
v 
=) 
iso] 
Qa 
n 
LU 
= 
° 
~ 
= 
A. 
_ 
3s 
= 
= 
‘S 
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Lv 
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i= 
— 
a 
° 
Bi} 4 
Ee P 
é a> 
a we} 
t * 
OL > 
wat 
Qa 
s 
=a 
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=] 
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3 
al 
3 
7 
ny 
lo 
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_ 
‘-) 
a) 
<o 
~ 
u 
= 
| 
s 
_ 
n 
uv 
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= 
= 
Ss 
s 
5a 
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sreengrocers, 


000 


Half Deci- 
gramme 


Grain (Troy). 


pothecaries, Grocers, 


Half Centi- 
gramme. 


0°005 
0°05 
0°5 


NoOTE.—To reduce to metrical units 


Gramme. 
50 
50°0 
500°0 
5,000°0 
50,000°0 
Metrical 
Equivalents. 
and divide by 2. 
For use by A 


500,000°0 


Metrical Value. 





A Short Cut to the Metrical System. 


TABLE IX.—PROPOSED NEW VALUES FOR OLD NAMES, 


Intermediate Scale of Weights No. 2. 


For Jewellers, Dealers in Precious Stones, etc. 


Metrical oe 
Values. Slove or 
Half | “Half 


Stone. 


Penny- 


- Ounce. 
weight. 


Five mites. Carat. Pound. | 
Grammes. 
0°025 
0°25 
2°5 
25°0 
250°0 


2,500°0 
Quarter Quarter | Quarter | Quarter 


Deca- Hecto- Kilo- Myria- 
gramme. gramme, gramme. gramme. 


Quarter 
Deci- 
gramme. 


Quarter 
Gramme. 


Metrical 
Equivalents. 


Difference from Old 


r Approximate 
Weight per cent. - 


Values of New 
Weights as 
compared 
with old. 


a 


Increase. Decrease. 


54°796 
60°771 


coho mes 


| 
olor mele toler ator 


22'835 


“fo 


11815 


10°231 


PD 
3 
e 


( Stone. 
25°234 
} Clove. 

\ 21°263 |\ 


NoTe.—To reduce to metrical units (grammes), fake the pennyweight as unit and multiply by 2°5, 


or shift the decimal point one space to the right and divide by 4. 


TABLE X.—METRICAL LONG MEASURE. 


Names. 


Micrometre 
Centimillimetre 
Dixmillimetre 
Millimetre... 
Centimetre 
Decimetre ... 


Metre 
Decametre 


Hectometre 
Kilometre ... 
Myriametre 
Hectokilometre 
Megametre 


Abbrevia- 
tions. 


mcm. 

cmm. 

xmm. 
mm. 
cm. 
dm. 


m. 
5m. 


hm. 
km. 
rm. 
hkm. 
uym. 


Values. 


0000001 (10-6) 
‘00001 (10-*) 
o’ooo! (10-*) 
ooo! (10-*) 
o’O!I (10-*) 

o'r (10-') 


1’0 (10°) 
10°0 (10!) 


100°0 (10) 
1,000°0 (10%) 
10,000°0 (10%) 
100,000°0 (10°) 
1,000,000°0 (10°) 


Intermediate Values 
or Units. 


Double decimetre = 
o’2m. (for office use) 


Double decametre = 
20’om. (forsurveying) 


Remarks. 


The range in practice is from a 
millimetre to a kilometre, 7.¢. 
from ;#,5 of an inch to 3 of 
a mile, but the ground is 
covered theoretically from 
stave Of an irich to a unit= 
621°38 miles, not very far off 
fs of the earth’s equatorial 
circumference—a most sur- 
prising result to achieve with 
a single unit and its divisors 
and multiples. 
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TABLE XI.—METRICAL SQUARE MEASURE. 


























Abbrevia- | Intermediate Abbrevia- | 
Names tions and Numerical Values. Values. tions and Remarks. 
| Symbols. } Names. Symbols. | 
| { (10-6 )t=o- | |The value of a square 
Sq. micrometre | mcm.? 1 ra ttitiinng Lab pth etn peng | | micrometre is the 
. Sinks | apa =0°000,000,000,01 | inconceivably small 
q-_ Centi- prong” { (10 af, =O 200,000,000, I | area=155 x 10-9 sq. 
millimetre (30 *)? =0°000,000,001 in ; on the other 
Sq. dixmilli- } asem.? { haope Ae dronegeicim dua hand, asquare mega- 
metre (10-" J’ = 0°000,000, I | metre is no less than 
Sq. millimetre mm? { pea F™ Aasindh aang 316,118 sq. miles, 
a pa ths omy . about the 545th part 
Sq. centimetre } cm.? f (10" RS rn pais Micrare... ¢ mca. | of the surface of the 
\ pa *)?=0 Oo1 Centimilliare.. | cma. globe. 
Sq. decimetre | sdm.2 { (101,, 2=0"01 Dixmilliare ...| xa. |The intermediate values 
| \ (10-07 )=0'r ... ... | Milliare ma given by the divi- 
Sq. metre L wee} (1c - = 1’0 | Centiare ca sions and multiples 
{ (10°? P= 10°0 | Deciare da of the “are” pro- 
: ‘wae . 
Sq. decametre | 6m.2 f (10 is - 100°0 | Are s tee | Be gress by 19 and not 
\ (10''? P= 1,000°0 | Decare... ...| 3a. by 100, as in the 
Sq. hectometre | 4m.2 f UC os or 10,000°0 | a | na (ha.) previous case, and 
(hm. 2) \ pie he 100,000°0 Joan «a (ka.) are therefore well 
Sq. kilometre xm? | { — PP ae x reaped I~ ona wae fitted to express the 
(km *) \ pa a 10,000,000°0 | Hectokilare .. . fixa(hka.) sequence of surfaces 
Sq. myriametre | um,? { ita 18 i io ‘ TOG, B00; fot Megare... Mya. for all ordinary pur- 
. 3 4 “ ong :000,000,000" - poses of measure- 
<ilo- 2 “pa . , 
Peete i Pr ont" { vert sys = 10,000,090,000°0 ment in the artsand 
m. Oo “= 100,000,000,000'0 | sci 5 > 
Sq. megametre vay (0? =’ 1,000,000,000,000°0 | sciences. The range 
KY | is from the micrare 
| =sq. Teg ag > 
} O°155 of a sq. 
| to the megare of 
| 38°61 sq. miles. 
TABLE XIIl.—-METRICAL WEIGHT. 
| 3 a 
| | Abbrevia- we 
Names. tions and Numerical Value. Values Abbreviations. Remarks. 
Symbols. Names. 
Microgramme meg. 0°000,001 (10-5) The \ sagper A is the weight of a 
Centimilligramme cmg. 0000, 01 (10-°) peers millimetre of naar at 
Dixmilligramme...! xmg. 0'000,1 (10-4) maximum density and average 
Milligramme mg. 0°oo! (10-4) Of the 2 and 1S 15°43235 grains 
Centigramme cg. o’or (10-7) of the British standard. The 
Decigramme dg. o'r (10-) rangeis from 154 x 10-' ofagrain 
up to ‘98421 of a British ton. 
Gramme ... g. 1° (10°)= Microtonne The choice of the gramme as unit 
Decagramme .... dg. 10°0 (10!) is a name was apparently as unfor- 
Hectogramme ... 4g. (hg.) 100°0 (107) } livre= tkg =125¢r. = ‘, to absolute ream the 
} livre= kg. =250gr watt; both would have been 
} # livre = ake. =375 sr, better a thousand times larger. 
Kilogramme .. eg. (kg.) 000 (103) eq ike. = Soogr. The survival of the livre and its 
Myriagramme ug. . 10,000 (10%) divisions, and theaddition of the 
Hectokilogramme neg (hkg.) 100,000 (10°) = ( Juintal (q. ) Cxtrancous names of quintal and 
Megagramme 1,000,000 (10°) = Tonne (t.) tonne in common practice amply 
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prove this to be the case. 
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HE object in rolling is to twist the 
leaves, and in the course of this 
process to bruise the outer covering 
of the cells contained in the leaf, 

and expose the contents to the atmosphere 
and set up a form of fermentation. When 
accomplishing this by hand, a certain 
quantity of the leaf was placed on a table 
covered with a bamboo or rattan mat, the 
leaves propelled across the table under 
pressure of the two hands, the diagram 
of the motion being V-shaped. Another 
method was to put a quantity of leaf 
into a canvas bag twisted firmly into a 
round shape, which was thrown on to 
the floor, when a man, holding fast 


by a bamboo horizontal bar, rolled and 


twisted the ball-by the perpetual motion ~ 


of his feet, while the weight of his body 
compressed it into a small size. This 
latter system is one described in some 








notes on tea from China, and was 
adopted in making what was known 
as caper tea. There are copies of 
prints showing the rolling by foot power 
in India, but the process was not generally 
adopted. 

In the earlier rolling machines, a motion 
akin to either of the above, was naturally 
aimed at. Mr. J. C. Kinmond, of the 
Assam Tea Co., produced the first machine 
put into operation in 1866, and during 
that year, Messrs. Burgess and Campbell 
filed their specification for a machine for 
“treating and curing leaf” (Fig. 20). 

The leaf being fed along the trough Z, 
was carried by the drum 4 and pressed 
against the surface of a flexible material BB, 
held in a fixed position by the weight C'. 
Unfortunately, the procedure for filing 
specifications in India does not admit of 
copies being sent home or any information 


¢ 





FIG. 20, —BURGESS AND CAMPBELL’S ROLLER, 





Machinery in the Tea Industry. 












































1G. 21.—BENJAMIN DICKINSON’S ROLLER. 
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beyond just the subject matter ; the writer 
can, however, remember easily a dozen 
applications in the Calcutta office almost 
identical with the immediately foregoing. 
Mr. Benjamin Dickinson’s improve- 
ments in treating the leaves of the tea- 
plant may be briefly described as follows : 
the freshly gathered leaves that have been 
withered, but which yet contain in their 
cells the natural juices were placed in a 
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very clearly state whether the leaf remained 
in the bag during the whole process ; or 
whether, after the bruising had been 
effected, it was taken out for rolling and 
twisting either by the hand and revolving 


tables, or between the two hands as 
mentioned. Theoretically, this machine 
inits various forms had muchtorecommend 
it, but the amount of attention it required 
to keep the leaf in the machine at all, 
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FIG, 22.—BENJAMIN DICKINSON’S ROLLER. 


bag of hair or some other strong and 
porous material, the bag being nearly filled 
with leaf. These bags of leaf were then 
placed between rollers and pressed, the 
requisite twist being imparted to the leaves 
by the endless bands passing over the 
revolving tables as shown at //J in 
Fig. 21, or two endless bands, as in 
Fig. 22, set at.an angle and running at 
different speeds. The description does not 





would be equivalent to performing the 
operation by hand. 

In 1871 a bag process rolling machine 
was introduced by William Haworth, and 
further improved in 1875 (Figs. 23-24). 

The patentee’s claim is~ explicit and 
clear—the arranging of two or three rollers, 
with even or uneven surfaces, and revolv- 
ing all in the same direction, to act on a 
bag of tea-leaf placed between them: the 
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—WILLIAM HAWORTH’S ROLLER, 


G. 23. 


¥I 





FEILDEN’S MAGAZINE. 
























































Machinery in the Tea Industry. 


arranging of one of the rollers of a 
tea-leaf rolling machine to be movable 
towards or from the other roller or rollers 
without disengagement from the driving 
gear: the making of the bag for the tea- 
leaf of vulcanised rubber, or leather alone, 
or combined with canvas or other woven 
material. The position of the bag and 
the rollers is clearly shown in Fig. 24. 
cross-section. 

The great drawbacks to this machine 


Fedde 
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hung by four suspension rods attached to 
a frame by ball-and-socket bearings ; there 
were two cranks, the one making half as 
many turns as the other. The motion, 
therefore, imparted to the rolling-box would 
be either V shaped or OO. The V was 
generally considered the better motion. 
In order to retain the leaf under the cap or 
rolling-box it was surrounded by a wooden 
frame or jacket, which was free to move up 
and down, the lower table being hinged 





FIG. 25.—WILLIAM JACKSON’S SINGLE-ACTION ROLLER. 


were filling the bags, and their tendency 
to jump out of the rollers, also the great 
difficulty in keeping them sweet ; otherwise, 
as a roller, it was a success, and became a 
standard type. 

In the meantime Mr. William Jackson 
brought out his single-action rolling 
machine (Fig. 25), which was _practi- 
cally the turning-point in tea machinery 
generally. The rolling-box, or cap, was 





at the front or driving side of the machine, 
pressure being applied to the leaf by 
means of the weights and chains running 
over grooved pulleys. For filling the 
machine with leaf, the bottom table was 
pressed down and secured to the cross-bar 
at the back. When the quantity of leaf to 
be rolled had been placed inside the 
jacket, the fastening was released and the 
weights brought the table into positionagain, 
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FIG. 26,—LYLE’S ROLLER. 
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more weights being added to increase the 
pressure. The centre portion of the table 
was hollowed out, and formeda well, and was 
fitted with ribs, the top rolling-box being 
also concaved and ribbed. Subsequent 
improvements were introduced, the hinges 
of the table dispensed with, and arranged 
to move up and down parallel with the 
frame, a filling hood applied to the top 
rolling-box, and a discharging door to the 
well in the table. 

The capacity of the machine is small, 
only about 100 Ibs. at a fill, and has there- 
fore given place to larger types, but with 
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barrel. The space between the two barrels 
in which are the bags of leaf is decreased 
as the rolling progresses, and pressure is 


required. The advantage of this over 
other bag machines will be at once 
apparent. About this time attention, 
both in India and at home, was in the 
direction of other and simpler means for 
rolling, and the year following saw Mr. 
William Jackson’s single-action roller 
vastly improved, which is best described 
as a quadrilateral, angular, ovular, self- 
or hand-feeding and discharging tea-leaf 
rolling machine. Two rolling plates 
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moderately fine leaf, it is a most excellent 
roller. 

A further development of the bag 
machine is embodied in Lyle’s “Improve- 
ments in Machinery. for Rolling Leaf 
Tea,” 1875 (Fig. 26) :— 

The bags of leaf are passed round a 
revolving barrel, which revolves inside a 
cylindrical frame and mounted on a shaft. 
The cylindrical frame in which this barrel 
revolves has for its periphery a series of 
bars which fit into slots in the frame 
ends, so as to be capable of being moved 
either towards or away from the internal 


Vol. 7.—No. 36. 


““ STANDARD” 


CROSS-ACTION ROLLING MACHINE, 


move directly across each other, each 
guided in a parallel line and moving at 
comparatively different speeds to each 
other (Fig. 27). 

The table or bottom plate or surface is 
connected to the disc on the driving shaft, 
and moves in that direction; the top 
surface or rolling box to a disc, as in the 
single-action machine, the diagram of 
the motion produced therefore being ©. 

The capacity of the machine was 
increased to double that of the single 
machine. The writercan mention numerous 
instances where the Standard Cross-Action 
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FIG, 28.—}. C. KINMOND’S TRIANGULAR-FRAMED DOUBLE-ACTION ROLLER. 
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Tea-Roller can be seen doing excellent 
work, as it is still a favourite, in spite of 
the many subsequent inventions and 
improvements. 

The same year, 1876, J. C. Kinmond 
brought out his triangular-framed double- 
action tea-roller (Fig. 28), in which the 
action was imparted by means of cranks, 
the gearing being circular. The bottom 
surface remains at the same height, while 
the top rolling-box is free to move up and 
down in the jacket, and the pressure 


‘ 


FIG. 30.—JACKSON’S 


adjusted by the lever and weights. With 
fine and well-withered leaf this machine 
gives the most gratifying results. 

A departure from the track was made 
by Mr. Jackson in his patent of 1879. It 
consisted of a barrel or cylinder, with a 
grooved, polygonal, fluted, or other uneven 
internal surface composed ot wood, revolv- 
ing in one direction, and a fluted roller in 
the centre running the entire lengthof the 
barrel revolving in the opposite direction, 
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the leaf being fed into the barrel at the 
driving end, and discharged at the opposite. 
By raising or lowering the discharge end 
of the machine, the passage of the leaf and 
the duration of the rolling process could 
be increased or retarded as circumstances 
demanded. If so desired, the action could 
be one of continuous feed and discharge, 
while the adjustment of pressure is regu- 
lated by the quantity of leaf fed into the 
barrel (Fig. 29). 

Early in 1880 Mr. A. C. G. Thompson 


*‘ EXCELSIOR” TEA ROLLING MACHINE. 


brought out a machine possessing some 
novel features, somewhat wide, in their 


application. The appliance, it was 
claimed, held improvements for, among 
others, husking and polishing rice and 
rolling tea-leaves. The constituents of 
these two commodities hardly, however, 
lend themselves to the alternate treat- 
ment in the one machine; the device, 
therefore, appears to have been relegated 
to husking purposes only. 
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FIG. 31.—JACKSON’sS “ RAJAH” TEA ROLLING MACHINE. 


In the same year Mr. William Jackson 
produced his Excelsior Roller (Fig. 30). A 
most ingenious contrivance was embodied 
inthe driving arrangements, thecross-action 
motion to the upper and lower rolling 
surfaces being secured by means ‘of a 
double-crank shaft running perpendicu- 
larly in a socket bearing of a horizontal 
bevel wheel, rotating on a vertical stud, the 
socket bearing for the crank-shaft being 
placed midway between the centré of ‘the 
bevel wheel and the periphery. 

An advantage possessed by the Excel- 
sior over previous rollers was in imparting 
the motion to the jacket instead of the top 
rolling-box or cap. The horizontal sleeve 
bearings at the back, and the collar bearing 
on the crank at the front of the machine 
kept the jacket, if only the distance of the 
thickness of a piece of paper, free from 
the bottom table. The top rolling-box 
being comparatively free inside the jacket, 
this improvement possessed some striking 
advantages. In the early stages of rolling, 


before the leaf begins to take a twist, it is 
inclined to be rebellious, and over which 
a loose jacket has practically no control, 
the partial freedom of the cap, yielded 
to the leaf, with the result that it was not 
thrown out as before. 

Next, the top box could be swung out 
of the jacket by means of the davit for 
cleaning purposes, while the jacket could 
be lifted up and tilted back, the hori- 
zontal sleeve-bearings forming the hinge, 
thus allowing the bottom table to be 
scoured with ease. 

Jas. Peter Brougham’s roller, patented 
in 1881, was a large hollow cylinder, witha 
shifting, rotating roller mounted within it 
for treating —or agitating, rubbing, pressing, 
and rolling—the leaves. Opinion had, 
however, by this time been pretty well 
established in favour of two rolling surfaces 
on a horizontal plane, although J. C. 
Kinmond’s_ centrifugal roller consisted 
of two revolving surfaces, vertically 
connected by a drum, a sort of mid-way 
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alternative, and gave very satisfactory 
results. 

The introduction of the Excelsior 
roller, however, may be said to have been 
the beginning of a new era in rolling as 
part of the manufacturing process of tea. 
‘The single and cross-action machines had 
practically established the most suitable 
means for rolling, and attention was 
attracted to the possibility of the require- 
ments for something more than merely 
pressing the juice out of the leaf; and 


the rolling process was split up into two, - 


three, and even four distinct operations, 
the number and length of these forming 
the subject of frequent and heated dis- 
cussions. Clocks and sand-glasses found 
their way into the hands of the rolling 
machine attendants. - On the Excelsior 
back spindle shield, opposite the driving 
pulley, was fixed a rather ingenious little 
time-recorder driven by a gut band from 
the main driving spindle. 


FEILDEN’S MAGAZINE. 


Mr. Jackson next produced his Rajah 
roller (Fig. 31), a combination of the cross- 
action and Excelsior ; the motion could be 
arranged either O or OOO by gear wheels 
dependent upon the relative number of 
teeth in the driven and driving wheels. 

The bottom rolling-table ran in fixed 
guides, the top rolling-box loose as in the 
Excelsior machine and the jacket guided 
on square bars as used in the Cross Action 
machine for the rolling box. The cross- 
action of the two tables was attained by 
cranks as ir®the Cross Action machine— 
pressure arrangements forthe cap being 
as in the Excelsior. 

According to their 1885 specification, 
Messrs. Kinmond and Richardson’s roller 
(Fig. 32) consisted of a circular hoppcr lined 
with wood, opening at one side ; within the 
hopper, the upper table (rolling box) is 
free to move vertically, and. can be raised 
by a screw, the hopper and the table 
receiving their motion from a crank. The 


FIG. 32——-KINMOND AND RICHARDSON’'S TEA ROLLING MACHINE, 
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under table is caused to revolve upon its 
axis in a contrary direction to the upper 


table by an eccentric on the vertical shaft’ 


and ratchet gear. 
Opinions are divided as to the success 
of this machine. ‘The increased depth of 


the hopper or jacket added considerably to 
the capacity, but the reverse motion of 


FIG. 33.—JACKSON’S 


the rolling surfaces was perhaps a doubtful 
advantage. 

For some unexplained reason, an idea 
existed throughout the tea districts that 
any material other than wood (and teak 
preferably) coming in contact with the leaf 
in the course of. rolling was deleterious. 
About the period 1886-87, rolling machines 
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began to get something to do, and the 
surface of the bottom table especially was 
found to give out long before the season 
was over. A more lasting material was 
sought for, and granite was selected as 
being the most suitable—in some instances 
granite being used for the top rolling cap 
and marble for the bottom table. Either 


‘RAPID” ROLIER. 


arrangement proved an advantage over 
the wood from an economical point of 
view, while, as far as could be judged, the 
teas did not suffer. 

Information is not at hand whether Mr. 
Jackson protected this improvement, but 


_an infringement or evasion of right was 


effected with some success by the author, 
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portland cement and 
good fine sand, and 
setting under water. It 
is as well to mention 
‘““somesuccess,” because 
there were not a few 
instances where, inside 
20 minutes, the carefully 
made coating had the 
appearance of a Japan- 
ese puzzle. 

In 1887, Mr. Jackson 
brought out his “Rapid” 
roller (Fig. 33), and in 
the choice of the name 
appropriateness was cer- 
tainly notwanting. The 
action of the machine 
will very readily be 
seen from the illustra- 
tion. It is circular 
and_ following, and 
avoids much of the 

* FIG. 35.—HENKY THOMPSON'S ROLLFR. friction plainly visible 

in the  cross-action 

among others, by removing the top coating models, the rolling cap jacket being free 

of 4-in. boards from the table and filling in from the bottom table as in the Excelsior 
the space with a mixture of equal parts best = and Rajah machines. 

The extreme simplicity of this 
machine may be said to have 
stamped it as a favourite from its 
first appearance. Factory buildings 
were becoming hopelessly inade- 
quate to the exigencies of the crop, 
and additional rolling accommoda- 
tion ordered in a hurry necessitated 
some scheming as to how to fix and 
drive the same. The arrangement 
of the driving bracket and bevel 
gearing enabled the body of the 
machine to be placed in any position, 
the driving bracket occupying some 
3 ft. only, so that rapid rollers were 
wedged into all sorts of corners 
temporarily. Quality and quantity 
of output showed marked improve- 
ments on any previous roller. 

Whether by way of improvement 
or coincidentally, Mr. Richardson, 
of Kinmond & Richardson, sub- 
stituted plates of glass for the wood 
rolling surfaces. Details regarding 
the results of this experiment are 


FIG. 36.—THE “ BLAXTON” TEA ROLLING MACHINE. not available. 
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In 1888 Mr. Henry 
Thompson placed a 
machine on the market, 
which has been somewhat 
altered since the original 
design was patented, and 
is now known as the open- 
top type (Fig. 35). 

The top-rolling box is 
driven by a crank with two 
guiding cranks, and the 
bottom table hasits motion 
imparted to it by means 
of a separate crank and 
span-gearing arrangement. 
The capacity of the 
machine is enormous— 
some 640 lbs. at a fill— 
and several very flattering 
testimonials have been 
received from users. 

Mr. A. H. B. Sharpe 
introduced a system in 
1888, in the shape of two 
horizontal surfaces having 
circular motion imparted 
by means of eccentrics. 
Information is not to hand 
whether the machine 
achieved a success or 


perhaps, hardly worth while speculating on 


this point. Prior to and 
period the subject of tea- 
rolling was well in the 
minds of engineers and 
planters at home and in 
the East. Not: the least 
energetic was Mr. 
William Jackson, and 
numerous are the im- 
provements effected by 
him, notably a fan 
arrangement with a pipe 
connecting to the top 
rolling - box for cooling 
the leaf while rolling, 
and later an alteration in 
the shape of the rolling- 
cap which had hitherto 
been concave in form but 
was now made more con. 
vex with a viewto facilitat. 
ingthe circulation of the 
leaf. These being among 
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i 37:—JACKSON’S LATEST LARGE SIZE “‘ RAPID” ROLLER. 


the many various alterations in detail of 
construction of the “ Rapid” roller are 
duly chronicled, but the machine remained 


not; and it is, 


just about this 


FIG. 38.—DAVIDSON’S OPEN-TOP ROLLER. 
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running light or under heavy 
| pressure, without the intervention 
of fans or blowers: improvements 
in quality and rapidity of work 
done and small consumption of 
power, easy adjustment of pres- 
sure on the leaf being among the 
more important. 
L. H. Sutton in 1893 produced 
a machine with two rolling plates 
running in the same or opposite 
directions. The idea of rotating 
the rolling surfaces in opposition 
directions appears to have formed 
in the minds of not a few inter- 








y 

‘ ested in tea-rolling machinery 
¢ ? Y improvements, but we are 
, - oN inclined to think the ulterior 
~ A : desired effect is, by this motion 

kK— -2=73— se esire » DY y. 
2°7. ” not properly obtained. The ac- 
reiidey 4050 tion performed when rolling by 
hand appears to have been the 

FIG. 39.—-BRASS SHEETING AS USED IN ROLLING MACHINES, 


to all intents and purposes pretty much 
as it was originally placed on the market. 
Many of the improvements and alterations 
_ were introduced to meet special demands. 

In 1892, Mr. J. Brown, a Ceylon 
planter, brought out his “Triple-Action Tea 
Roller” (Fig. 34), for which a long list of 
advantages were claimed, notably ventila- 
tion of the leaf when being rolled, both while 












FIG. 40.—- JACKSON'S SINGLE-ACTION RAPID AND GEAR CASING, 


correct one, and this was always 
of a continuous and following 
nature. The machines therefore embody- 
ing a similar action seem to have met 
with the largest measure of success. 

A machine brought out by one of the 
Brothers Begg in Assam was for some 
years manufactured by Burn & Co. of 
Calcutta. It is now being turned out by 
the Blaxton Engineering Co., and has been 
renamed the “ Blaxton ” Roller (Fig. 36). 

As already stated, the “ Rapid” roller 
(William Jackson) has been subjected to 
various alterations and improvements, a 
few of which have been detailed. One of 
the latest types is shown in Fig. 37. 

Mr. S. C. Davidson of “ Sirocco” fame, 
had until 1895 and 1896 confined his 
attention to withering, and as will be 
seen later to other branches of machinery 
for use in tea manufacture. His 20,805 
of 1895 and, subsequently, 
8,834 of 1896, deal with an 
“Open-Top Tea- Rolling Ma- 
chine” (Fig. 38), and set forth 
some important advantages. 
The leaf receptacle above the 
rolling table is stationary, thus 
reducing the number of work 
ing parts and consequent ab- 
sorption of power. As in all 
rollers of the open-top type, the 
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capacity is enormously great. The illus- 
tration is sufficiently self-explanatory in 
character to obviate the necessity for 
further and lengthy description. 

It will be remembered that for years, 
during the early period of manufacture by 
machinery, wood was the only material 
considered suitable to be in contact with 
the leaf during the rolling process. This 
no one appeared inclined to dispute or 
even doubt, until the extra work to be 
performed by the machines found out the 
weak spots in the shape of continual 
repairs, and at very awkward times, also 
the difficulty of keeping the wooden parts 
sweet. Granite and marble were tried 
with varying success, and these in turn 
gave way to brass sheeting over the whole 
surface, and brass ribs, to which some 
further improvements were added by 
Messrs. Marshall Sons & Co., Ltd., to the 
machines made by them to Mr. Jackson’s 
designs (Fig. 39). The shoulder-pieces 
of cast brass, as shown at AA, being 
found to wear out more quickly than the 
other surfaces, are made of somewhat 
heavier section and are renewable without 
difficulty. 

We are able to call to mind the first 
of William Jackson’s single-action rollers, 
with the top rolling caps of cast-iron. 
Rightly or wrongly, these were accused 
of discolouring the leaf and were soon 
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discarded ; some useful service was, 
however, found for them, as when 
turned upside down they made very 
excellent fire-places for managers’ and 
assistants’ bungalows on cold - weather 
evenings: this by the way. While no 
complaints are forthcoming regarding any 
deleterious effect produced by the brass 
on the leaf in the course of rolling, the 
advantages in the way of cleanliness and 
smooth running of the tables are manifest. 

The patent single-action Rapid roller, 
(Fig. 40) designed by Mr. Jackson, has 
found a large number of users, where the 
leaf is particularly soft, or where slight 
withering is the rule; it is of the open- 
top type, and is capable of taking a very 
large fill at each operation. The casing 
for the bevel gearing presents a feature 
of novelty and improvement from a safety 
as well as a cleanly point of view. Acci- 
dents in factories to life and limb are 
happily not very frequent, and are invari- 
ably due to utter carelessness on the part 
of the injured; but when they do occur the 
Native press is ready to make the most of 
them. It is, therefore, well to run as 
few risks as possible, and it must be 
admitted, in this respect, that in all but 
a very few instances the utmost regard is 
most religiously paid. Any exception will 
generally be found on estates Native 
owned and Native managed. 


(70 be continued.) 
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N a previous issue of this magazine a 
brief account of the birth of the port- 
able engine was given. In the pre- 
sent article the latest and best types 

of engines will be illustrated and described. 
The modern portable engine of the day, 
with its high-class multitubular boiler, is a 
marvellous production at so. moderate a 
price. The design and workmanship will 
bear inspection, while the excellence of 
the materials employed in its construction 
are above suspicion. It may be thought 
that all the engines present a similar 
appearance, the leading makers have fallen 
into a beaten track ; but this similarity of 
arrangement is undoubtedly the outcome 
of well-tried plans ; no fault however, can 
be found with the beaten path when it 
leads to the highest results. The portable 


engine of the best British manufacturers 
is distinguished for symmetry of arrange- 
ment, excellent proportion of parts, sim- 
plicity of form, causing it to present a 


pleasing appearance. It must be re- 
membered that a good appearance has a 
decided commercial value: it does not 
imply any so-called ornamentation or ex- 
cess of bright work, much less the employ- 
ment of fine colours. But it does demand 
that the metal is so placed that it will 
most advantageously meet the strains to 
which it will be subjected. Solidity and 
straightforwardness are cardinal virtues, 
and these wiil generally be found in the 
machinery to be dealt with herein. 

Most of the makers claim for their 
engines some leading characteristic which 
possesses advantages over the productions 
of their competitors. Some of these 
devices will be sought out and referred to 
as we proceed. 

Messrs. Brown & May, of Devizes, are 
the makers of the compound portable 
engine shewn by Figs. 1 and 2. The 
engine is fitted with a Pickering governor, 
acting directly on to an equilibrium 
throttle-valve, and is designed for a work- 


ing pressure of 140 lbs. per sq. inch. 
The cylinders are steam jacketed, and 
properly drained ; the front cylinder-covers 
have trunks cast on to them, which are 
bored to form the piston guides. It will 
be seen that the valve chests are placed 
outside the cylinders : the slide valves are 
easily accessible for setting, examination, 
or repairs. Between the two elastic rings 
of the piston, a plate is fitted like Figs. 3 
and 4. 

A piston slide-valve is used on the high- 
pressure side of the cylinder, and for the 
low-pressure cylinder an ordinary slide- 
valve is used. The eccentric straps are 
made of tough cast-iron, which is a far more 
suitable material than brass for the pur- 
pose ; the eccentrics. are fixed to discs by 
bolts, and arranged so that the engine can 
be made to run in either direction. Tee- 
ended connecting-rods are used; the 
brasses, at the large end, are secured by 
two bolts and a wrought-iron plate. Cast- 
iron crankshaft brackets are employed, 
having the carriages set at an angle, so as 
to compensate for wear in either direction. 
The undersides of the carriages are planed 
and fitted to the brackets ; and they have 
a slight horizontal movement, to allow for 
the expansion of the boiler when steam is 
up ; the carriages are held securely at a 
uniform distance from the cylinder by 
wrought-iron stay-bars, as shewn in Fig. 1. 

The feed-pump is arranged to work 
continuously, to pump hot or cold water, 
and to admit of the return of the whole 
or part of the water into the supply tank 
as required ; the pump cock can be set so 
as to keep the water-line in the boiler at 
the mean level. 

The engine under notice is fitted with 
a combined feed-water heater and grease 
separator ; a pipe is provided for conducting 
the condensed steam and grease (coming 
from the cylinder) to the ashpan; and 
with an arrangement permitting clean 
steam to come in contact with the overflow 








FIGS. 3 AND 4. 


water from the pump, thus slightly heating 
the feed-water prior to its further heating 
in a chamber under the check-valve. This 
apparatus is illustrated by Figs. 5 to 8. 
Another special feature applied by 
Messrs. Brown and May is their patent 
tube-cleaner. This apparatus is fixed on 
the firebox shell, in a convenient position, 
and arranged to introduce a blast of steam 
suddenly into the chimney: thus setting 


up a powerful draught through the boiler 
tubes which instantly clears them of all 


soot and ashes. The engine is mounted 
on wrought-iron travelling wheels. 

The general dimensions of the 12-h.p. 
compound engine and boiler are as 
follows :— 


Diameter of high-pressure cylinder ... 
Diameter of low-pressure cylinder 
Stroke of both pistons 

Diameter of fly-wheel 

Width of fly-wheel 

Revolutions per minute es 


Diameter of crank-shaft (in bracket bearing) 


Diameter of boiler barrel 
Length of boiler barrel 
Length of outer firebox 
Length of inner firebox 

Width of outer firebox 

Width of inner firebox 

Height of outer firebox 

Height of inner firebox 

Total length of boiler 

Number of tubes 

Diameter of tubes 

Heating surface in tubes 
Heating surface in firebox 
Total heating surface ... 

Grate area aa et vr 
Heating surface per nominal h. p. 


DETAILS OF MESSRS, BROWN AND MAY'S PISTON. 
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During exhaustive trials on 
Messrs. Brown & May’s works, 
this type of engine has proved 
to be satisfactory as regards 
running, and particularly econo- 
mical. 

The coal consumption during 
a day’s run being 2°77 lbs. of 
coal per b.h.p., when the engine 
was developing over 40 h.p. 
This is more than the makers 
intend the engine to do, they 
usually consider the maximum 
effective h.p. as 2} times the 
nominal, that would be 3o h.p. 
on the brake. 

The output of portable engines - by 
British firms in the face of foreign com- 
petition, is simply enormous. Messrs. 
Clayton & Shuttleworth of Tincoln, for 
instance, have manufactured upwards of 
33,300 engines, mostly of the portable 
type. Their works for some years past 
have been pressed to their utmost capacity, 
to meet the prodigious demand which 
exists for their productions in every part of 
the globe. 

‘Fig. 9 shews the fly-wheel side of one 
of their standard type of single-cylinder 
engines, fitted with cross-arm governors 
acting on an equilibrium throttle - valve. 
Both the boiler and cylinder of all 
Messrs. Clayton & Shuttleworth’s engines 
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are large enough 
to easily develop 
three times the 
nominal horse- 
power on the 
brake, while run- 
ning at a moderate 
speed. The port- 
able engines of 
four-horse power 
and upwards are 
tested under steam 
pressure at go lbs. 
per sq. inch on a 
friction brake, to 
not less than three 
times their nomi- 
nal power; and 
the boilers under 
hydraulic pressure 
at 165 lbs. per sq. 
inch. Every engine 
is subjected to a 
long and crucial 
trial, until the 
utmost efficiency is 
reached, as regards 
economy, power, 
good governing, 
and a minimum 
amountof friction; 
the cylinder bore, 
piston, and the 
slide-valve faces 
are brought to a 
perfect surface ; in 
! many cases, the 
results of the trials 

| are tabulated, and 


tr- 
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DETAILS OF MESSRS. BROWN AND MAY'S WATER HEATER, 


8. 


FIGS. 5, 6, 7, 





kept for future 
reference and 
comparison. 


The cylinder is 
made of a special 
quality of hard 
close-grained iron. 
The working 
barrel or liner is 
cast separately, 
and tightly forced into position by hydraulic 
pressure ; the annular space between the 
liner and shell forms a most efficient 
steam-jacket. All their portable engines 
are now made with a flat base, truly planed 
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FIG. 10.—-MESSRS, CLAYTON AND SHUTTLEWORTH’S 
VARIABLE EXPANSION ECCENTRIC. 


and fitted to a planed saddle secured by 
turned bolts. This method of attachment 
enables the cylinder to be removed for 
reboring, or for repairs, and to be replaced 
by unskilled labour. By means of the 
variable eccentric sheaves, shewn by Fig. 
10, the cut-off can be varied according to 
the load on the engine, and the maximum 
economical effect obtained. The crankshaft 
carriages are connected to the cylinder on 
one side, and to the firebox crown on the 
other, by wrought-iron stays; thus main- 
taining the required distance between the 
centres. The carriages are planed on the 
bottom, and mounted on saddle brackets 
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FIG. 11.—DETAILS OF MESSRS. CLAYTON AND 
SHUTTLEWORTH'’S CRANK SHAFT BRACKET. 
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FIGS. 2, 15, 16, 37, AND 40 
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bolted to the boiler. By this method ot 
construction the crankshaft brackets, bear- 
ings, and stays relieve the boiler from all 
racking strains, caused by the working of 
the engine ; and allow the boiler to expand 
and contract under every change of tem- 
perature, without altering the distance 
between the crankshaft and the cylinder. 
Fig. 11 shows a section of the crankshaft 
bracket for the fly-wheel side. The engine 
shewn is fitted with cast-iron crankshaft 
saddle-brackets, but steel-plate brackets 
are also used ; the latter are lighter and, 
being riveted to the boiler, they form a 
much better joint than a bolted connec- 
tion. The feed-pump is of much larger 


DETAILS OF MESSRS. CLAYTON AND 
SHUTTLEWORTH’'S AUTOMATIC EXPANSION GEAR. 


capacity than what is actually required to 


supply the boiler. A regulating cock is 
arranged on its discharge branch, which 
can be adjusted for a continuous supply 
to the boiler, according to the load on the 
engine. Most of the engines are mounted 
on wrought-iron travelling wheels, and all 
the fore carriages are made of wrought- 
iron. 

Fig. 12 shews a smaller portable engine 
manufactured by Messrs. Clayton & Shut- 
tleworth. In this instance cross-arm gover- 
nors control the speed of the engine by 
means of an equilibrium throttle-valve. 
The crankshaft carriages are mounted on 
steel- plate brackets, the construction of 


- 
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which is clearly shewn in the illustration. 
A steel plate seat is provided for the 
cylinder, planed tosuit. It will be noticed 
that a bored cylindrical guide takes the 
place of the usual four-slide bars: these 
trunks are coming into general use among * 
the makers. The wrought-iron under- 
carriage, the travelling wheels, and the 
chimney raiser are clearly depicted in the 
illustration. Many of the firm’s portable 
engines are fitted with their patent auto- 
matic expansion-gear, as represented by 
Fig. 13, by means of which the speed of 
the engine is controlled directly by the 
governor ; which, as it rises, lifts the die in 


the link, reducing the travel of the expan- 


sion valve, and thus cutting off the supply 
of steam earlier in the stroke whenever 
the speed tends to increase, and wice versd. 

Fig. 14 represents the celebrated 
compound portable engine made by 
Messrs. Davey, Paxman & Co., of 
Colchester, which carried off the £100 
prize at the trials of the R.A.S.E. at 
Newcastle, 1887. It will be seen that 
the engine is erected on a light channel 
iron frame; the frame is connected to 
wrought-iron brackets, which are riveted 
to the boiler, as shown. Automatic 
expansion - gear is fitted to the high- 
pressure cylinder; the governors are 
patented by tlie firm, and used on many 
of their engines. Every pound of super- 
fluous weight is removed from the working 
parts, so as to secure the most economical 
results. The boiler is of large dimensions, 
and neatly cased all over, to prevent the 
loss of heat. Steam is conducted to the 


‘cylinder through the stop-valve casing as 


shown, the stop-valve and the check-valve 
are the only two connections opening 
into the boiler. 

The table on page 52 gives some interest- 
ing figures obtained during the trials at 
Newcastle. 

Fig. 15 shows one of Messrs. Davey, Pax- 
man & Co.’s single-cylinder engines fitted 
with automatic expansion gear controlled 
by their patent governor. The cast-iron 
crank-shaft brackets are connected to the 
cylinder by a stay-bar. It will be noticed 
that the boiler front plate is flanged to a 
large radius, so that the mudholes can be 
placed in the corners, which facilitates the 
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DIMENSIONS 





OF SINGLE-CYLINDER PORTABLE ENGINES. 
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Nominal Effective Diameter of 


Horse- Power. Horse- Power. Cylinder. 
3 7 63” 
4 12 7 
- 1s wil! 
5 5 ka 
6 18 SS 
7 21 J. 
8 24 10 
10 30 11” 
12 36 12” 
14 2 13” 


Length of Stroke. 


Revolutions Diameter of Fly-Wheel. 
per Minute. 


| — 





9” 180 40 
10” 150 4 8” 
12” 140 5, oO” 
12” 140 5, 0” 
12” 140 5 o” 
12” 140 5 0” 
14” 127, 5° 6” 
16” } 127 5’ 6” 

5 6” 


16” 127 





DIMENSIONS OF DOUBLE-CYLINDER ._PORTABLE ENGINES. 


| Effective | 


| Revolutions 








Nominal Diameter of + . > “we 
| kar ana Sage weg <oml Cylinders. Length of Stroke. per Minute. Diameter of Fly-Wheel. 
8 24 alt 12” 140 5’ 0” 
10 30 73” 12” 140 5° oO” 
12 36 84” it 127 5° 6” 
14 42 9” 14” 127 YN 
16 48 10” 14” 127 5 6” 
20 60 11” 14” 116 6’ 0” 
25 75 12}” 16” 116 6’ 0” 
30 90 13” 18’ 100 (a id 
/ 
| Pounds of Coal per Brake-Horse-Power | | Percentage of 
M per hour. . Advantage 
Maker. | Dee ee a les Difference. | ta devour of 
- : Compound System. 
Simple. Compound. 
A | na BIC 
Davey Paxman - - | 2°6 1°85 75 28°9 per cent. 
Foden | 2°76 1°94 “82 og ee 
| ' 
| | | > 
2°68 2°18 yy *50 18°6 ,, pA 


McLaren 





raking out of the sediment . from the 
bottom of the fire-box water space. A 
feed water heating apparatus is applied, of 
the usual open type. 

Messrs. W. Foster & Co., Ltd., of 
Lincoln, are the makers of the portable 
engine illustrated by Fig. 16. It will be 
seen that the governors are of the slow 
speed type; they act directly on a gun- 
metal equilibrium throttle-valve fixed in 
the steam passage to the cylinder. The 
crankshaft brackets are of cast-iron of the 
usual type. The feed-water heater con- 





sists of a copper branch from the exhaust- 
pipe, connected with a three-way cock at 
the overflow from the pump, arranged so 
that the overflow water, on mingling and 
uniting with the exhaust steam from the 
cylinder, condenses and passes down with 
it to the feed-water cistern, thus raising 
the temperature of the feed-water to nearly 
boiling point: 

A standard type of portable engine 
manufactured by Messrs. Richard Garrett 
& Sons, Ltd., of Leiston. ‘The engine is 
fitted with the Turner-Hartnell shaft 
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governor in combination with a single slide- 
valve, the action of which is, when the load 
upon the engine is reduced and the ten- 
dency is to increase in speed, the governor 
acts direct upon the eccentric, reduces the 
travel of the valve, and increases the 
angle of advance so as to cut off steam 
at an earlier part of the stroke, and 
thereby increase the ratio of expansion. 
When the load upon the engine is 
increased, the operation is reversed, the 
steam is cut off later in the stroke, and 
the ratio of expansion is reduced. A 
flanged steel-plate saddle is a distinctive 
feature of the engines made by _ the 
Leiston firm. Fig. 17 shows the arrange- 
ment: this saddle affords a support for 
two or three pedestals for carrying the 
crankshaft. A screw-down brake, acting 
on one hind travelling-wheel, is fitted. 
The lever for raising and lowering the 
chimney is fitted to the joint-ring. A 
compound portable engine is also made 
by Messrs. Garrett, the high-pressure 
slide-valve of which is actuated by the 
Turner-Hartnell governor. The bored 
guides for the cross-heads are used 
instead of the four-slide bars. This engine 
is fitted with a central bearing to the 
crankshaft, mounted upon the steel-plate 
saddle. Ladders and platforms are pro- 
vided on each side of the 
firebox for gaining access to 
the cylinders, etc., for oiling, 
cleaning, or adjustment of the 
working parts A chimney 
raiser is also fitted. A section 
of Messrs. Garrett’s water- 
heating apparatus is shown by 
Fig. 18, which is self explana- 
tory. The fore-carriage and 
under-gear are formed of 
flanged plates ; the lower part 
of fore-carriage and _splinter- 
bar for shafts is shown by 
Figs. 19, 20, and\ 21; the 
method of construction will 
be seen from the figures. 

+ Fig. 22 shows the fly-wheel 
side of a portable engine by 
Messrs. R. Hornsby & Sons, 
Ltd., of Grantham. The 
engine is fitted with cross- 
arm governors, actuating a 








FIG. 








SS oe ee 














FIG. 17.-—DETAILS OF MESSRS. GARRE TT’S STEEL SADDLE, 


throttle valve in the usual manner. It 
will be seen that the crankshaft bearings 
are supported on wrought-iron horn plates, 
or brackets, like Fig. 23. The bearings 
are held rigidly in position by two stay 





18.—DETAILS OF MESSRS. GARRETT’S WATER-HEATING 
APPARATUS, 
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bars, one of which is secured to the cylin- 
der, and the other is attached to a lug 
bolted to the arch plate. The sides of 
the firebox shell are continued downwards 


beyond the foundation frame for carrying 
the ashpan, thereby doing away with 
angle-pieces riveted to the firebox and the 


ashpan. Wrought-iron wheels are used, 
the spokes are riveted between two angle- 
iron rings, the tyre is shrunk on to the 
double angle iron, and riveted. 

An engine fitted with Hornsby & 
Edward’s patent automatic expansion gear 
is illustrated by Fig. 24. A high-speed 














FIGS. 19, 20 AND 24. 
DETAILS OF FLANGED STEEI 
FORE-CARRIAGE. 


Porter type of governor regulates the 
position of the die and valve eccentric 
rod, cutting off steam by a separate slide- 
valve on the back of the main-valve 
according to the load on the engine. In 
order to prevent the vibrating movement 
of the slot link from affecting the action 
of the governor, a small eccentric is em- 
ployed: the eccentric acts very powerfully 
to shift the die, but the die can do very 
little to shift the eccentric and make the 
governor hurt. It is a well-known fact 
that the eccentric makes a good driver, 
but it is very difficult to drive it. The 























FIG 23.—DETAILS OF A PORTABLE ENGINE BY MESSRS. HORNSBY AND SONS. 
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engine is similar, in many particulars, to 
the one just described; but the wrought- 
iron travelling wheels are made in a dif- 
erent manner, clearly shewn in the illustra- 
tion. Fig. 25 shews a plan of the engine 
fitted with automatic expansion-gear. 
Messrs. Marshall, Sons & Co., of 
Gainsborough, are the manufacturers of 
the portable engine represented by 
Fig. 26. The engine is fitted with cross- 
arm high-speed governors, actuating a 
throttle-valve for controlling the revolutions 
of the engine. Steel crank-shaft brackets 
are used, which are double riveted to the 
boiler barrel, supporting strong carriagés 
bolted thereto 
with turned 
bolts ; the 
brackets take a 
large _ bearing 
on the boiler, 
obviating the 
possibility © of 
leakage, and 
are stronger 
and lighter 
than cast-iron 
brackets. No 
side stay- bars 
are shown on 
this engine. 
The pump is 
bolted to a 
steel flanged 
seating riveted 
on the boiler, 
faced to receive 
the pump, and 
projecting be- 
yond the lag- 
ging, so that 
the pump can be readily removed if re- 
quired Every engine is fitted with a vari- 
able expansion eccentric, by means of which 
the steam admission can be varied from full 
power down to one fourth, with propor- 
tionate economy of fuel. It also forms a 
simple reversing apparatus. In the place 
of a wood fore-carriage, the turn-plate and 
attachment for the shafts are formed out 
of a flanged steel plate, with suitable 
connections to the axle. 
A compound portable engine is repre- 
sented by Fig. 27, manufactured by 
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Messrs. Marshall, Sons & Co., of Gains- 
borough. This type of engine has been 
specially designed to give the utmost 
economy that can be obtained in an 
engine of the portable type. The working 
pressure is 140 lbs. per square inch; at 
this pressure, and the standard speed, they 
will’ develop three times the nominal 
horse-power. The cylinders are mounted 
on planed steel girders, riveted on the 
shell of the boiler; the bottom of the 
cylinders are planed to fit on the girders ; 
so the bolts connecting the cylinder foot 
to the girders are arranged outside the 
boiler. There is a brass connection on a 
separate riveted 

fixing, to con- 

vey steam to 

the cylinder. 

This connec- 

tion is covered 

with non-con- 

ducting com- 

position, the 

whole being 

enclosed in a 

neat casting so 

as to avoid all 

condensation ; 

and the steam 

is taken to the 

top of the cylin- 

der to ensure 

perfectly dry 

steam entering 

“the — cylinder. 

In order to 

secure’ the 

greatest possi- 

ble stiffness in 

the crank-shaft, 

and steadiness in running, the crank-shaft 
is provided with a central bearing. The 
outside bearings are mounted on steel 
horn-plates as shown; and the central 
bearing is attached to a planed fixing, 
projecting above the lagging riveted to 
the boiler. 
It will 


be seen that the pump is 
mounted on a steel fixing riveted to the 


boiler. From this description it will be 
perceived that no bolts enter the steam or 
water space of the boiler in any part. The 
front plate of the boiler is flanged to an 
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PLAN OF ENGINE BY MESSRS, HORNSBY AND SONS, FITTED WITH AUTOMATIC EXPANSION GEAR, 


exceptionally large radius, as shown. 
With the above engine Messrs. Marshall, 
Sons & Co. include a galvanised-iron tank, 
containing a copper coil for heating the 
feed-water without allowing it to come into 
direct contact with the exhaust steam : 
this is a valuable feature which is 
commendable. 

The compound portable engine we have 
described is fitted with Hartnell’s governor 
and automatic expansion gear to the high- 
pressure cylinder. Fig. 28 shows the 
arrangement, which consists of a highly 
sensitive governor acting through a link 
and die to a cut-off valve working on the 
back of the main valve. The speed of 
the engine is thoroughly controlled by 
means of the expansion valve, which regu- 
lates the admission of steam into the 
cylinder exactly in proportion to the duty 
performed by the engine. 
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FIG. 28.—HARTNELL’S GOVERNOR —_ 
AND AUTOMATIC EXPANSION 
GEAR, ° 
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(To be concluded.) 





Diagonal Engines for Paddle Steamers. 
By GEO. HALLIDAY, Wh. Sch. 
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HE diagonal engine is the general 

type in use on modern paddle- 

steamers, but they are by no means 

all of the same design. Paddle 
steamers are built for a great many pur- 
poses, and the engineer has thus to modify 
the design of the engine to suit the boat, 
and the conditions under which the engine 
has to work. 

The early diagonal engines were of the 
single-cylinder type ; but that most com- 
monly used at the present time is the 
compound diagonal side-wheel paddle 
engine. We will begin by describing a 
set of these, shown in Fig 1. They are 
fitted with a surface condenser. It will 
be seen that the cylinders are arranged so 
that their centre lines go through the centre 
line of the shaft at right angles, and that 
The valve- 


they are placed close together. 
chest of each cylinder is on the outside, 
and so the bodies of the cylinders are 
adjacent, and the two cranks are as near 


together as they can be. Ordinary D 
slide valves are fitted to distribute the 
steam, and these are actuated by the ordin- 
ary link and eccentric type of expansion 
gear. 

The frame of the engine’ is of strong 
proportions, the material being of cast 
iron, and carefully designed to enable it 
to meet the severe strains to which it is 
subjected in the ordinary course of work- 
ing. In order to maintain the maximum 
rigidity, the cylinders are bolted, not 
only to the engine-frame, but to the frame 
of the ship itself. 

It will be seen from the figure, that the 
section of the engine framing along the 
base parallel to the bottom of the ship, is 
of T shape. Strong thick flanges are cast 
on this framing just immediately under 
the shaft. On these flanges are bolted 
the parts of the framing for supporting the 
shaft. In some cases where cost is a 
consideration, the surface condenser is fixed 
under the shaft and framing, or the shaft 
pedestals directly bolted to the surface 


condenser. But it can be easily under- 
stood that an arrangement which allows 
of the strains between the cylinder and 
the paddle-shaft to pass through and be 
taken up by the surface-condenser, is not 
a convenient one.. Any flaw may. exist in 
the-casting of the condenser, and should 
its body give way, there is not merely a 
break-down of the engine, but one of the 
condensers as well; and, before work can 
be started again, the chances are that a 
new condenser will require to be provided. 

In the arrangement of the framing of 
this engine, the framing to support the 
shaft is made separate from the rest ,of 
the framing, so as to ensure good cast- 
ing, and it is bolted to the thick flanges 
on the base framing, and not to the con- 
denser.- To further tie the framing to- 
gether, strong standards of forged steel 
connect the framing support, the shaft and 
the cylinders. These standards bolt and 
tie the cylinders and shaft together, con- 
necting them rigidly. The standards also 
serve as direct transmitters of the forces 
which are in action between the cylinders 
and shaft, and so save the base and shaft 
framing from the great breaking strains 
which would otherwise come on them. 

It will be seen also that the standards 
are made to serve another purpose. They 
are so formed and machined as to become 
guides for the cross-heads of the piston- 
rods of the engines. 

The cylinders are of large size. The 
high-pressure cylinder is of 19 ins. diame- 
ter, and the low-pressure cylinder 38 ins., 
and they have a common stroke of 36 ins. 

Care has been taken to make the work- 
ing of the engine as convenient to the 
engineer as possible, and for this purpose 
it has been arranged that the operating 
lever and handles for controlling the 
engine should be in one place. Both 
the levers and handles for reversing and 
starting the engine are above on the 
starting platform. The reversing of the 
engine isin this case done by hand, and 
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FIG. 1.—360-1.H.P. COMPOUND DIAGONAL SIDE-WHEEL ENGINES. 


a hand-wheel is provided for this purpose, 
which revolves a spindle on which is 
keyed a worm. ‘This worm actuates the 
reversing quadrant which is shown in the 
front of the photograph of the engine. 
Space is of the utmost consequence on 
board these paddle steamers, and diagonal 
engines have been so designed that a 
pair of compound cylinders, allowing two 
expansions of the steam, take up little 
more room than one cylinder. In such 
a design the high-pressure cylinder is 
superimposed on the low-pressure cylin- 
der. Such a set of engines are shown 
in Fig. 2. It will be observed that the 
centre lines of the engines are in the 
same vertical plane, instead of, as is usual, 
in the same inclined or diagonal plane. 
And, although they are in the same 
vertical plane, they are not parallel to 
one another, but converge on the same 
crank pin. Being inclined to one another, 





the connecting rods can never be at the 
same time in line with the common crank, 
hence there can be no dead point in such 
a set of engines. The crank will always 
be inclined to, at least, one of the con- 
necting rods. Where there is plenty of 
room across the beam of the boat, it is 
easy to arrange for two sets of such 
engines to act on the same crank-shaft. 
As one set gives a very good distribution 
of turning moment on the crank-shaft ; 
two sets, each set acting on its own crank- 
pin, produce a very: much better turning 
moment, especially if the two cranks 
are at right angles to each other, or, better 
still, if opposite each other. 

The arrangement shown in Fig. 2 has 
been adopted for the machinery of a ship 
which has a narrow beam. Such a set of 
engines can be fitted into the usual width 
of one; yet the presence of the upper 
cylinder and its effect on the crank-shaft 
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are to bring in the advantage gained when 
the dead-centre trouble is taken from the 
single-cylinder engine. 

In this particular set of engines, the 
diameter of the upper high-pressure cylin- 
der is 22 ins., while that of the lower low- 
pressure cylinder is 43 ins. The crank 
being the same length for each, they have 
common stroke of 54 ins. In this par- 
ticular set, lightness and economy have 
been aimed at. ‘The condenser has been 
made to do duty for framing to support 
the crank-shaft. For this purpose facings 
have been cast on the top of the condenser, 
so that the bearings of the crank-shaft 
might rest on and be bolted tothem. The 
condenser is of the surface - condensing 
type, and is of cast-iron. The framing 
connecting the cylinders and the condenser 
are also of cast-iron. In order that the 
requisite rigidity may be preserved between 
the cylinders and the crank-shaft bearing 
blocks, strong forged steel standards are 
fixed between them ; these standards also 
serve as guides for the piston-rod cross- 
heads. 

The crank-shaft is of the overhung 
type. But there has been a_ peculiar 
arrangement between the crank-pins. The 
h.-p. and l.-p. crank-pins are coupled 
together by means of a forged steel con- 
necting link. The valve motion of this 
type of engine is of the ordinary link- 
motion type. 

The valves are of the common D type, 
fitted with relief rings, and both hand and 
steam reversing gear is fitted. 

Everything has been so arranged in this 
engine as to render it as compact as 
possible. A merely cursory inspection 
of the photograph will make this very 
plain. 

For example, the high-pressure cylinder, 
which itself is carried by the low-pressure 
cylinder, is utilised to carry the steam 
steering gear. The machine above the 
high-pressure cylinder is the steam steering 
gear engine. ‘Then the air-pump is fitted 
between the engine-framing close to the 
condenser, while the feed and bilge pumps 
are fitted to the side of the air-pump, and 
are worked off the same crosshead. 

It is often desirable to be able to work 
one paddle-wheel quite independently of 
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the other: as, for instance, when one 
paddle-wheel breaks down or is disabled. 
One of the methods by which inde- 
pendent action is given each paddle- 
wheel, is shown in the set of engines 
illustrated by Fig. 3. This set of 
engines is of the double compound 
condensing side paddle-wheel type, each 
engine being so arranged that one wheel 
can be worked if it should be required, 
while the other remains standing or 
working at a different speed in the same 
or in the reverse direction. This arrange- 
ment affords great facilitates for the quick 
manceuvring of the vessel. In another 
type the shafts of the two paddle-wheels 
meet in line, and are connected by a dis- 
engaging clutch. When connected with 
the clutch, they rotate at the same speed. 
Each set of engines has a high-pressure 
cylinder of 16 ins. diameter, and a low- 
pressure cylinder of 30 ins. diameter, with 
a common stroke of 42 ins. The slide 
valves are of the ordinary D type, and 
ordinary link-motion valve-gear actuates 
them from the crank-shaft by eccentrics. 


The framing, which is cast-iron, is of 
the girder form and section, and to it the 


cylinders are strongly bolted. The fram- 
ing which. supports the crank -shaft is 
separate from the base framing, thus reduc- 
ing to a minimum the risk of developing 
any initial strains. This latter framing is 
strongly bolted to the base, and to the 
ship’s framing. To take the strain be- 
tween the cylinders and shaft, strong 
forged-steel standards are bolted between 
them, and these standards are so formed 
as to serve as guides to the crossheads of 
the piston. 

In these pair of engings the condenser, 
which serves both engines, is separate 
from the framing. The material of which 
it is made is galvanised steel plate. It is 
bolted firmly to the base framing on to 
suitable parts made in the castings to take 
it immediately in front of the shaft fram- 
ing. In front of the condenser, and con- 
nected with it by suitable pipes, are the 
air and circulating pumps, which are of the 
horizontal duplex type. The feed and 
bilge pumps .are actuated by separate 
engines. 

On rivers, such as the upper reaches of 





Diagonal Engines for Paddle Steamers. 


the Nile, the Congo and South American 
rivers, where the vegetation which grows 
on the surface of the water is very rank, 
the boat’ is fitted with a single paddle- 
wheel in the stern. The width of the 
track of the boat is not great, and the 
draught is very small, often only 9 or 
10 ins. In such a case as a stern wheel 
paddle boat, the engine cannot be placed 
in the middle of the boat, since the crank 
cannot be placed in the middle of the 
paddle-wheel shaft. ‘Two engines have to 
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This set of engines thus show (Fig. 6) 
the modifications which require to be intro- 
duced to the ordinary diagonal side- 
paddle steam-engines, to enable them to 
suit the special conditions. Each engine is 
complete in itself, and is of the compound 
diagonal surface-condensing type. Each 
connecting-rod is connected up to the 
crank-pin at the end of the paddle-wheel 
shaft, on .which can be- seen the two 
keyed plates for the arms of the paddle- 
wheel. 


—DOUBLE TWO CYLINDER COMPOUND DIAGONAL SIDE-WHEEL ENGINE. 


be employed to drive such a paddle-wheel, 
one situated on each side of the boat, 
driving a crank on its own side of the 


wheel. In some cases these engines are 
placed near the stern, and the boiler well 
forward, so as to obtain the right trim of 
the boat. Many of these engines used 
for stern-wheel paddle boats are simple 
engines ; but some of them, such as that 
we illustrate, are of the compound tandem 
type. 


The framing, which is of cast-iron and 
of girder shape, carries the paddle-wheel 
shaft at one end and is strongly bolted to 
the cylinders at the other. The cylinders 
are bolted down to the ship’s framing, 
which makes framing of engine cylin- 
ders, and framing of ship one rigid 
piece. The cranks, which are driven by 
the engines, are outside the frames and 
overhung. 

The valves, which are actuated by Joy’s 
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—TRIPLE+EXPANSION DIAGONAL SIDE-WHEEL ENGINE. 


gear, are of the ordinary D-shape and are 
placed above the cylinders. 


The high-pressure cylinder is_ of 
14-in. diameter, and the low-pressure 
cylinders 26 ins. diameter, while the 
stroke is 42 ins. The surface condenser 
has facings cast on the top to carry the 
pump arrangements. These pumping 
arrangements consist of a separate engine, 
which drives its shaft. To the ends of 
this shaft are fitted two disc cranks, and 
each of these cranks drives one pump. 
The steam for the engines is supplied 
by a locomotive boiler made and designed 
specially for this boat. Its dimensions 
are 6 ft. 2 in. diameter and 11 ft. o} in. in 
length. The engines develop 180 indi- 
cated horse-power with natural draught. 
Fig. 5 shows a set of engines built for 
a stern paddle-wheel boat in which the 
machine had to be placed amidships. Long 
connections, some 70 ft. in length, had to 
be made to connect up the working 
pistons with the crank-shaft. The engines 


are of the compound tandem jet condens- 
ing type. As there could be only one 
crank at each end of the crank-shaft, the 
cylinders for each engine had to be 
arranged tandem, and to work the valves 
by an eccentric from the shaft would have 
necessitated the making of long valve- 
rods as well as long connecting-rods ; so 
Joy’s valve-gear has been fitted to get 
over that difficulty. 

The piston-rod is made up of con- 
venient lengths, which are connected to- 
gether with flanges and bolts like line 
shafting. Lengths of this piston-rod are 
seen in the photograph to be lying on 
the floor of the shop. To get them to 
run in line with the piston-rod in the 
stuffing box, the lengths are supported at 
suitable places along the frame of the 
steamer, on cast-iron bearings. These 
bearings are bushed with brass, and are 
shown lying on the right of the cylinders 
in the photograph. 

Engines of the triple-expansion type 
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have been largely adopted on paddle- 
wheel boats. 

Such a set of engines develop the power 
for one of Messrs. Cook’s Nile’ tourist 
steamers, and is shown in Fig. 4. It will 
be seen that the three cylinders have their 
centre lines in the same inclined plane 
with: the shaft. The same type—-only, of 
course, of greater power—are fitted by 
Messrs. William Denny & Co., of Dum- 
barton, in several of the Belle steamers. 
One remarkable feature of these engines, 
designed by Messrs. Denny, is the light, 
though strongly designed, cast-steel frame.‘ 
At one time these frames were made of 
cast-irén, but when the engines were 
pressed hard, the frames not unfrequently 
broke, and by the end of the season a 
considerable amount of wrought - iron 
riveted patch-work was noticeable. Now 


the difficulty has been entirely overcome 
by making the frames of sound cast-steel. 
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The triple-expansion engine of Messrs. 
Bow, McLachlan & Co., Ltd., is surface 
condensing, with cylinders so arranged that 
the intermediate occupies the central 
position (Fig. 4). Each engine drives its 
own crank-pin, which crank-pins are set at 
120 degrees to each other, so that the 
turning moment is very equally distributed 
on the shaft, which contributes to a very 
steady rotational movement of the paddle- 
wheels. The dimensions of the cylinders 
are, the high-pressure 16 ins. diameter, the 
intermediate 25 ins. diameter, and the low- 
pressure 39 ins. diameter, with a common 
stroke of 36 ins. ‘The steam is distri- 
buted to the high-pressure cylinder by 
means of a piston-valve, and to the inter- 
mediate and low-pressure cylinders by 
means of ordinary D-slide valves. These 
latter valves are fitted with relief rings. 
The valve gear is of the ordinary link- 
motion type. 


TANDEM COMPOUND STERN-WHEEL PADDLE ENGINES. 
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FIG. 6.—COMPOUND STERN-WHEEL ENGINES 


The engine has been designed for 
lightness, the draught of these Nile 
steamers being small. The crank-shaft is 
of the built-up type, and is supported on 
bearings bolted firmly to the shaft-fram- 
ing. The surface-condenser in this case 
serves as a support for the shaft-framing, 
which arrangement contributes greatly to 
the lightness of the engine as a whole. 


Circulating water for the condenser is 
provided by means of a separate engine. 
The cylinders and condenser are con- 
nected by bed framing of cast-iron. The 
bearings and cylinders are tied together 
by means of strong forged standards, 
which are so shaped as to serve as guides 
for the piston-rod crossheads. 


( Zo be concluded. ) 


Cie, Hablidey 
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THE MANUFACTURING WORKS OF THE 
BRITISH WESTINGHOUSE COMPANY. 


(Preliminary Article.) 


@® 

HE new manufacturing works: of the 
British Westinghouse Electric and 
Manufacturing Company are situated 
in Manchester, where they occupy about 130 
acres of the Trafford Park Estate. The 
position of the works was only decided.upon 
after careful consideration of séveral alter- 
native districts in various parts of the country, 
— there can be no doubt that the best site 
has been secured ; not only is Manchester 
practically in the centre of the kingdom, out 
it is also in direct communication with the 
sea; the works’ site is in touch with the 
main line railways, the Bridgwater Canal 
forms a considerable length of its boundary, 
and the Manchester Ship Canal is in the 
immediate vicinity. It would be difficult to 
find a place better supplied with facilities for 
rapid and world-wide transit. Another im- 
portant advantage of the Trafford Park site 
lay in the fact that there was sufficient and 
suitable land adjoining the works whereon 
to build homes for the employés. This land 
is being utilised for that purpose and a 
thriving model-town is already in existence. 
The respective positions of the nine build- 
ings of the works are shown in the general 
plan (page 67); in all there are some 55 acres 
under cover. The shops are arranged par- 
allel with each other, and run almost due 
north and south. The northern ends are 
brought up into line, and ample space is 
available for their extension in a southerly 
direction, as occasion may demand. It will 
be seen that they are arranged in the order 
most convenient for the progression of 
materials and parts, right through from the 
admission of raw materials at the eastern 
end to the output of the finished products at 
the western end. Two overhead crane- 
tracks traverse the northern end of the 
buildings, from the iron-foundry to the 
machine-shop. These outside cranes are 
electrically driven, and have a lift of 50 tons. 
Two similar but smaller-capacity cranes 
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traverse longitudinally the space between the 


machine-shop and the steel-foundry. All 
departments are brought into direct touch 
with each other by a very complete network 
of standard-gauge railway lines, the aggre- 
gate length of which exceeds 23 miles. 

All the buildings are constructed of massive 
steel framework bricked in. The columns 
are set on heavy concrete foundations, and 
each pair supports a roof span. The latter 
were supplied in halves, which were fixed 
together on the ground and the span raised 
into position in one piece. The heaviest 
pieces handled weighed about 25 tons, the 
riveting was all done with pneumatic tools, 
and a very rapid rate of erection was main- 
tained, averaging about 100 tons per day. 

The actual building operations commenced 
early last year, and building experts very 
freely expressed the opinion that some three 
to four years would be required to get the 
buildings up and another two years be spent 
in their equipment. The completed works 
of to-day show how mistaken they were. 
They had not calculated on the possibilities 
of modern ways and means. Mr. J..C. 
Stewart, a contracting engineer well-known 
both in this country and in America for his 
prowess in the carrying out of the largest 
building-contracts in the shortest possible 
time, undertook the management of the 
Westinghouse Works construction. He 
exercised his wonderful skill to an extent 
which more than astonished the English 
building trade, masters and men alike. 
Numerous articles have appeared from time 
to time in the general press regarding the 
apparently impossible rate at which the 
bricklayers were working ; but the immense 
Westinghouse Works standing to-day where 
only green fields were about I2 months ago, 
are proof indeed that an exceptionally high 
rate of working must have been maintained. 
After the first month or so only the very best 
men were engaged in the work ; they were 
paid at a higher rate than that fixed as 
minimum by their trade society ; they worked 
under the most convenient circumstances ; 
materials were constantly right to hand, and 
the men were ever kept at the actual working 
spot; in short, the most modern arrange- 
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ments were everywhere brought into use ; 
and, what is perhaps more important than 
all, Mr. Stewart remained constantly in 
personal command. During the first month, 
the average number of bricks laid per man 
per day was about. goo, but this number. 
gradually advanced as the men grew accus- 
tomed to the unusual conditions, and the slow 
workers were weeded out until the average 
per man per day reached the striking total of 
2,250 bricks: The bricklayers were the 
most expert that could be obtained and each 
man must have made a personal record. 
Three thousand seven hundred workmen were 
constantly employed, and in less than twelve 
months they used up over 16,000 tons of 
steel, 10,000,000 bricks, and 10,000,000 ft. of 
timber, to build works which will provide 
employment for some 6000 workpeople in 
the near future. 

Every care has been given to securing the 
best possible hygienic conditions in every 
part of the works, and the lighting, heating, 
ventilating and general sanitary artange- 
ments are all that could be desired. In 
addition to ample window-lighting, all the 
main shops are fitted with glazed roofs. The 
glass used in the roof-work is of special form, 
a close mesh of wire is embedded in the 
panes, so that in the event of breakage 
occurring no fall of broken glass into the 
shops can take place, the pieces being held 
together by the wires. No putty has been 
used for the skylights, the panes are all fixed 
with lead strips. Over 300,000 sq. ft. of the 
special wired glass has been used in glazing 
the roofs alone. 

The heating and ventilation of the build- 
ings are maintained by large fans working in 
conjunction with a very complete pipe-system. 
In cold weather, fresh air is drawn in, passed 
over steam-heated coils, and distributed from 
various branches and outlets of the main 
pipe ; in warmer weather the same arrange- 
ment is used, excepting that cool, fresh air 
is distributed and maintained in regular 
circulation in all parts of the buildings. The 
fans for the air supply are placed immediately 
under the roofs of the various shops, they are 
all electrically driven, requiring about 4o h.p. 
each. The sanitary arrangements are ex- 
ceptionally complete and of the most modern 
form, hot and cold water lavatories, private 
lockers, etc., are provided in each shop and 
department. 

It would seem almost unnecessary to 
mention that in all departments the most 
modern labour-saving machinery will be used. 
The object sought in all cases is to produce 
work of the finest and most accurate finish, 
all parts of which are absolutely uniform in 
material and size, at the most rapid rate and 
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under the most economical conditions. The 
transfer of materials is a very important item, 
and cranes, elevators, and railway tracks 
abound on the ground level, on the galleries 
and in the yards. For instance, the steel 
foundry contains two open-hearth 20-ton 
Siemens furnaces of the Wellman rolling 
type. The metal is hauled direct by elec- 
trical power to the charging platform from 
the railway, fed to the furnaces by electrical 
charging machines, and afterwards dis- 
tributed by 50-ton overhead electric travel- 
ling cranes. The gas-producer plant and 
the core-drying ovens are adjacent to the 
furnaces. 

In the machine shop, which is the largest 
single workshop in this country, some 1300 
machine-tools are installed. These range !n 
size from gigantic 28-ft. boring mills to toy 
tool grinders, weighing not more than 5 lbs. 
each. 

This shop is arranged in five longitudinal 
bays or aisles, two of these are go ft. wide 
each, and are open to the roof. They are 
for the working of the heaviest electrical 
power machinery ever built, and are traversed 
by 50-ton electric cranes; the weight of each 
of these cranes is about 75 tons. The three 
smaller bays are divided into two floors 
where the manufacture of smaller machines 
and detail work is undertaken ; they, in their 
turn, are traversed by many electric cranes 
ranging in capacity from 10 tons to 30 tons 
each. 

Of course, electrical driving is used 
wherever possible ; and innumerable motors, 
principally of the alternate-current, induction 
form, known as the Westinghouse Type “C” 
motor, are distributed throughout the various 
shops. 

Wherever there is any possibility of an 
outbreak of fire, automatic sprinklers are 
fitted, these are supplied from a storage tank 
at the top of a lofty water-tower, built at the 
extreme south of the site. Comparatively 
short and incomplete as this article must 
necessarily be, dealing, as it does, with such 
a large and original manufacturing works, it 
ought at all events to include some mention 
of the office-building, which is perhaps, to 
the passer-by, the most prominent of the 
various new buildings. This is an imposing 
structure, six storeys high, of a neat and 
substantial design. It faces the main en- 
trance of the works, being built directly against 
the northern end of the machine shop, with 
which it is directly connected on both the 
floor and gallery level. The offices are 
unusually large and lofty, and the same care 
of employés is in evidence here as in all 
departments of the works proper. The walls 
of the staircases and main corridors are 














Machinery, Appliances and Processes. 


finished with white marble panels. The 
floors are all of steel and concrete fireproof 
construction, the ceilings being of cement 
keyed into terra-cotta tiles. The floors of the 
corridors and the halls are finished with 
mosaic. One part of the building is abso- 
lutely fireproof and has rooms wherein the 
valuable works’ records, etc., will be stored. 
The large staff of masters, engineers, 
draughtsmen and clerks will occupy this 
building. 

From this brief description, it will be 
gathered that no pains have been spared to 
make the Westinghouse Works the best 
possible from all points of view. They have 


been developed by engineers who are masters ° 


of their profession, and who, in all details, 


have observed strictly the requirements ot 


moderntimes. One feature in this connection 
is particularly striking—the very obvious im- 
portance which the Westinghouse Company’s 

advisers attach to the effective care of em- 
ployés. The workman has light, clean, and 
healthy surroundings to work in ; his manual 
labour is reduced to a minimum; healthy, 
well-built houses are provided for him ; and 
in the way of lockers and other conveniences 
in the works his individuality is preserved, 
and he is led to be methodical, cleanly and 
healthy in his habits—all of which, while 
savouring of philanthropy, is neither more 
nor less than a logical and humanitarian way 
of increasing his efficiency as a workman and 
his value to his employer. It would be well, 
indeed, if such principles were more generally 
observed in manufacturing industries ; the 
chances are all in favour of success following 
the Westinghouse venture, and doubtless 
many of the firms still maintaining old ideas 
and working principles will, by force of 
example, be led to abandon their old, ex- 
pensive, and unsatisfactory ways of working, 
and to substitute modern systems—which 
certainly introduce the advantages of higher 
efficiency of production and better social and 
economic conditions for masters and servants 


alike. 
, 


NEW ELECTRIC RACK AND ADHESION 
LOCOMOTIVE. 


Built for the 
COMPAGNIE DU CHEMIN DE FER DE FOURVIERE 
ET OQUEST-LYONNAIS, LYONS. 
ee 
HE locomotive, of which illustrations 
are shown on page 70, has been designed 
and constructed by The Société Suisse 
of Winterthur, in conjunction with Messrs. 
Brown, Boveri & Co., of Baden, Switzerland, 
and is intended for working the steep-gradient 
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portion ot the Ouest-Lyonnais electric tram- 
ways between Lyons and the Saint - Just 
Plateau. The duty required of this engine 
is to haul a load of 28 tons on a gradient 
of 19 per cent. (say I in 5) at a speed of 
2°5 m. (8 ft.) per second ; and on the portions 
of line, above and below this gradient, where 
adhesion alone is relied upon, it must be 
able to do the shunting. The rack is on the 
Abt system ; and the current is continuous 
with a tension of 500 volts. 

The rack mechanism of the locomotive is 
brought into action by a 150-h.p. electro- 
motor, making 700 revolutions per minute ; 
and this motor transmits the power by means 
of two spur pinions, keyed on two counter- 
shafts, and engaging the spur-wheels on the 
two driving axles. When the engine runs 
with adhesion only each of the carrying 
axles is driven directly by a 25-horse electro- 
motor. On the section of line laid with 
rack the motors for running with adhesion 
and with rack work simultaneously ; but on 
the portions of line where adhesion alone is 
relied upon, it is only the adhesion motors 
which work. 

The locomotive is provided with the 
brakes necessary for the rack and adhesion 
mechanisms, viz. :— 

(1) Two screw-brakes, independent of one 

another and acting on the motive 
. spur-wheels ; 

(2) A screw-brake acting on the wheels 

for running by adhesion ; and 

(3) A self-acting brake, which works on 

the rack section and acts on the 
brake-shoes of the spur-wheels when 
the maximum permissible speed is 
exceeded, or the electric current is 
interrupted for any reason. 

A small tank contains water for cooling 
the brake-shoes. 

The leading dimensions of the engine are 
as follow :— 

Gauge . , . 1,000 mm.= 

Diameter of motive toothed w heeis 
573 mm.=1 ft. Io ins. 

adhesion wheels 

850 mm. =2 ft. g ins. 
9 km.=5$ miles 

12,000 kg. =11°8 tons 


3 ft. 38-ins. 


” ” 


Speed (per hour) 
Weight of locomotive 
Total weight of train 28,000 kg. =27°5 tons 
Power of rack-motor - 150h.-p. 
Revolutions of rack-motor (per minute) 700 
Power of adhesion motors together 50 h.-p. 
Revolutions of adhesion motors (per minute) 
300 


Tension . 500 volts. 


The whole ‘mechanism is " cased in with 
wood, having glass panes on every side, so 
that the driver has a clear view of the line. 

Several locomotives of similar construc- 
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tion, for continuous and also triphase cur- 
rent, are now running, and have given very 
favourable results. 

As regards the electrical equipment we 
may give the following particulars :—The 
two motors for running by adhesion are of 
the series wound type, generally used for 
tramcars, with four poles; and, as in such 
case, they are placed between the wheels 
of the vehicle. They are calculated for an 
output of 25 horse-power normally when 
making a number of revolutions correspond- 
ing with an engine speed of 9 km. (54 miles) 
per hour, z.2., the speed at which the engine 
moves on the rack. Inasmuch as the weight 
of the vehicle is sufficient for an effort of 
25 h.-p. to be exerted on the axles without 
the wheels skidding, the adhesion motors 
may be used to add the whole of their normal 
power to that of the motor acting on the 
toothed wheels. On falling gradients these 
two motors revolve freely, being thrown in 
and out of gear by means of an ordinary 
controller of the parallel-series type. 

The principal motor, intended to work on 
to the wheels gearing with the rack, is 
designed for 150 to 200h.p., and is of the 
shunt type, making about 700 revolutions 
per minute. The armature consists of a 
toothed drum, the winding of which consists 
of copper bars connected in series. Owing 
to the great speed and the necessity for a 
very strong armature, instead of fastening 
the winding by means of cheeks, the copper 
bars are held in the grooves by wedges of 
some insulating substance. . The electro- 
motor is placed inside the locomotive ; and, 
while the two adhesion motors are entirely 
cased in, it appeared necessary to leave this 
one uncased, in order that, notwithstanding 
its very small dimensions compared with the 
power it is capable of giving out, too high a 
temperature be not attained. 

On falling gradients this motor acts as a 
generator, thus constituting a brake; and 
the current produced is not absorbed in the 
resistance coils, butis sent into the electric 
conductor. For rendering possible this 
recoyery of energy there must be the faculty 
for sufficiently increasing the tension of the 
current produced by the electromotor acting 
as a generator, and this result is obtained by 
increasing the motor’s excitation. In order 
that the inductor winding may support, with- 
out too great heating, this increase in the 
intensity of the exciting current, it has been 
divided, and between these subdivisions free 
spaces have been arranged that permit of 
active ventilation. Thanks to the circum- 


stance that the excitation is, as mentioned 
above, established in shunt circuit, it is 
possible to pass automatically from the 
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working as motor to that as generator, 
according to the gradients encountered, and 
this without in any way changing the con- 
nections, the speed remaining practically 
constant in all cases. 

The starting apparatus of the motor, 
which is mounted upon it, permits of starting 
with a maximum excitation of the magnets ; 
so that it starts under practically the same 
conditions as a series motor, ze. with a 
minimum of current. Variations of speed, 
both on rising and on falling gradients, are 
obtained by varying the excitation. All the 
manipulations that it may be required to 
make with the starting apparatus are effected 
by means of a single hand-gear, except 
reversing the direction of running, which is 
effected by a special lever. This latter is 
connected with the hand-gear in such a 
manner that it is impossible for the driver to 
make a mistake. The current is taken off 
by means of two bows, on account of the 
great intensities required by the locomotive, 
and also for insuring a more regular taking 
off of the current. Thanks to their special 
construction, these bows can work in any 
position between vertical and horizontal, this 
facility being necessitated by the great 
differences in height presented by the 
contact wires on the Lyons-Fourviére rail- 
way. In the tunnels of this line the contact 
wire is hung at only a very slight distance 
from the carriage roof, while in all other 
parts of the line it is 6 metres (19 ft.) above 
the rails. 

Lastly, the electric equipment comprises a 
certain number of appliances and instru- 
ments for ensuring the good working and 
safety of the exploitation ; and they consist 
of lightning conductors, fusible cut-outs, 
measuring instruments (voltmeters and 
ammeters) that permit of keeping a check 
on the current passing into the motors, a 


solenoid with soft-iron core, a_ safefy 
interrupter for the -motor circuit when 
the engine is running _ by - adhesion, 


and another for that when it is running on 
the rack. The part played by these three 
last-named appliances is the following : if, 
owing to any accidental cause, the current 
should not reach the locomotive, the solenoid, 
being no longer excited, will let fall its soft- 
iron core, which will throw into gear the 
mechanism for applying the safety brakes, 
and thus pull up the train. At the same 
time the fall of the soft-iron core will bring 
into action the safety interrupters ; so that, in 
case the current should return suddenly, it 
cannot reach the motors when once the 


brakes are put on. 
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ENGINE TYPE GENERATOR. 


ENGINE TYPE GENERATOR. 
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HE illustration herewith, represents 
Messrs. Ernest Scott and Mountain’s 
latest type of generator for direct coup- 

ling to high speed or slow speed engines ; this 
type of generator being constructed in all sizes. 
On reference to the design, it will be noted 
that the armature is of the slotted drum type, 
with former wound embedded conductors, 
the conductors being laid in the slots after 
being carefully insulated. The core is com- 
posed of steel plates of high magnetic perme- 
ability, mounted upon a cast-iron centre with 
driving slots ; cast-iron cramping plates are 
fitted at each Side, which not only keep the 
core-plate in position, but carry the ends of 
the armature conductors. The commutator is 
of hard drawn copper insulated with mica, 
and bolted direct to the armature core, so that 
the whole is positively driven, and the spindle 
can be removed if required. The magnet 
frame is of steel with internal poles, and this 
type of machine is made with four poles in the 
small sizes, up to 16 poles in the larger sizes. 





The poles are cast separate from the yoke, so 
that they can be withdrawn side-ways, and the 
magnet coils removed if required, the poles 
being secured to the yoke by turned steel bolts. 
The magnet frame is in halves, so that the top 
half can be removed from the armature. The 
brush-gear is supported by brackets bolted to 
the yoke, and the ring supporting the brush- 
holders revolves in these brackets by means 
of a screw and hand wheel. The brush- 
holders are of special design to take carbon 
block-brushes, and each are fitted with 
tension-springs, to vary the tension of the 
carbon block on the surface of the commu- 
tator, and also with vertical movement, so 
that any wear of the commutator can be 
taken up. These generators are designed so 
that the temperature rise after a run for six 
hours at full load, will not exceed the temper- 
ature of the surrounding atmosphere by more 
than 70 degs. Fahr., and the machines are 
capable of withstanding an overload of 25 
per cent. for two hours, or a temporary over- 
load of 50 per cent. for short periods, without 
adjustment of brushes. 
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This firm provide a battery of 
feed pumps for supplying the 
feed water to the main range of 
boilers. These pumps are fixed in an exten- 
sion of the boiler house, and draw their 
water from a storage tank, which latter is 
supplied from the Corporation mains. The 
steam pressure carried on the main boilers is 
180 lbs. per square inch, and the discharge 
water passes through a relief valve loaded to 
200 Ibs. per square inch pressure when not 
required in the boilers. There are three 
separate pumps, all of which are on the 
compound principle ; two are of the hori- 
zontal type, and are fitted with the patent 
“Cornish” system of compound steam 
cylinders and double-acting outside-packed- 
ram pump ends. The steam cylinders are 


Messrs. Joseph 
Evans & Sons. 


9 ins. and 16 ins. diameter respectively high 
and low pressure, the rams being 7} ins. 
diameter, all 24-in. stroke. Each of these 
two pumps, .at moderate speed, will deliver 
8,000 gals. of feed water per hour, and either 
of them is capable of taking the maximum 
load duty that the boilers will be called upon 
to perform. They can be run.as slow as two 
piston feet per minute. The valves in the 
pump end are of the “double-beat ” type, of 
gun metal, with flat faces, and each pump is 
provided with large air vessel, and also 
vacuum chamber, so as to obviate any exces- 
sive shock, either on the delivery or suction 
sides of the pump; in fact, the working of 
these pumps is so smooth that, when standing 
by, no vibration or noise of any kind can be 
perceived. The ‘steam cylinders are lagged 
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NEW VERTICAL COMPOUND « BEAM” FEED PUMP. 


By Messrs. JosePpH EvANS & Sons, Wolverhampton. 
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with sheet steel secured with brass bands. 
giving a very neat and_ well - finished 
appearance 

In addition to the two pumps already 
described above, Messrs. Evans & Sons pro- 
vide an entirely new type of pump, namely, 
a vertical compound “ Beam”. feed pump, 
having 6. ins. diameter .high - pressure and 
10ins. diameter low-pressure steam cylinders, 
two 6 ins. diameter single-acting rams, all 
12-in. stroke. This latter pump, which 
possesses some novel features in the valve 
motion and general arrangement, etc., is 
capable of delivering about 3,500 gals. of 
water per hour to boilers, and is calculated 
to deal with the ordinary day load on the 
boilers. This pump has been specially 
designed to meet the exigencies of boiler 
feeding at high pressure. 

It is well known that the fly-wheel type 
of pump, with vertical outside-packed single- 
acting rams, is the most efficient and reliable 
type of feed pump for moderate pressures 
of steam and for regular work. Whilst the 
double-ram fly-wheel type of pump is satis- 
factory to a certain extent, the latter has 
the disadvantage of not being able to 
run at sufficiently slow speed with reli- 
ability to meet the varying conditions of 
boiler feeding, where frequently the demand 
varies from the maximum to almost nil 
within a very short time. Furthermore, the 
length of stroke that can be given with the 
fly-wheel type of pump is limited ; since, in 
order to get any length of stroke, the vertical 
height of the pump itself would be increased 
beyond reasonable limits. 

In the *‘ Beam” feed pump illustrated in the 
frontispiece, the crank motion and fly-wheel 
are dispensed with, but the same general 
arrangement of steam cylinders and rams is 











maintained ; the two sides, however, are 
coupled together by means of a steel beam 
vibrating on a central shaft. Each pumip- 
ram has a crosshead and.slide arrangement, 
enabling the radial motion of the beam to 
accommodate itself, the actual travel of the 
slipper block however being very small ; for 
a 12-in stroke of ram it is about | in. only. 
The high-pressure steam cylinder is placed 
over one ram, and the low-pressure cylinder 
over the other; the steam valve motion is 
driven by means of a small crank on the end 
of the beam shaft, connected up by means of 
a rod to a small “L” lever, mounted on a 
suitable bracket. This latter lever, in its 


* travel, moves over a small auxiliary valve 


working in the high-pressure steam chest, 
and so admits steam to either end (as the 
case may be) of a piston working in a small 
supplementary cylinder. This piston is 
attached by means of suitable spindles to 
both the high-pressure and low-pressure 
slide valves, so that, when it is driven over 
by the steam, it reverses the slide valves of 
both steam cylinders simultaneously. 

The auxiliary valve mentioned above is 
also a small slide-valve of very simple con- 
struction, and is so arranged that it uncovers 
its ports at the extreme end of its travel only, 
consequently, the liability to vary in the 
stroke, common to most direct-acting pumps, 
is eliminated, and the working speed of this 
pump can be regulated down to a mere 
crawl, with absolute certainty of running 
satisfactorily under all circumstances. 

Messrs. Evans & Sons also provide the 
whole of the pipes, valves and connections 
for the installation of these pumps, the 
arrangement being such that any pump may 
work independently of the others, or the 
whole of them simultaneously if required. 
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Practical suggestions for this section are invited, which, if accepted, will be suitably paid for. Wherever 


possible, drawings should accompany the contribution; rough sketches will suffice. 
ement in adverti 


Nothing will be too 





poor for a careful inspection. See important 
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Rotes on the Design of Crolley Wires and 
Feeders.—It is repeatedly stated that it is 
unusual to take into account the trolley wire 
itself, when designing the feeders of a tram- 
way system, and for the following reason :— 
Should a section of a single unfed trolley 
wire break down, the whole of the traffic 
beyond the break would be stopped. A sin- 
gle trolley wire is, however, quite an excep- 
tional case. With two trolley wires, a break 
in one wire does not suspend the whole of 
the traffic, as it does with the single trolley 
wire. 

Copper is in its most economical position 
in the trolley wire, as it is cheapest there, 
and is easiest to erect and maintain in that 
position than underground, a fault being 
more quickly located and removed in a trol- 
ley wire than in one that is out of sight. 

The usual sizes of trolley wires are Nos. 
0000, 000, and ooS.W.G. Take No. ooco 
and calculate the maximum length of line 
that can be worked, with an average service, 
without feeders, assuming the usual drop of 
50 volts in the line. The cross section of 
No. 0000 is .125 sq. in. and as there are two 
wires in parallel, the total cross section is 
.25 sq. in. Assume that the trolley wires of 
this section are fed only at the commence- 
ment of the lines, and that the cars run at 
the specified limit of 8 miles an hour, that 
there is a five-minute service, and that each 
car takes 20 amps. 

The usual speed is nearer 12 miles an hour 
than 8 miles, but a special license is required 
for speeds higher than 8 miles. The above 
figures are all on the right side. One town 
runs its cars for an average current of 9 amps. 
percar. A ten-minute service would also be 
more like the actual practice, except in the 
dinner hour, and in special cases. Uphill 


also, cars take more than the average, but it 
is made up by the smaller current taken on 
the levels, and on down grades. In tramway 
stations in which the writer has been em- 
ployed, where the route has included steep 
hills and level roads, the average current has 
always been about the same, with a given 
number of cars on the road. 

And this seems reasonable, as it requires 
eight times the power to drive a four-wheeled 
car, with a 6 ft. 6 in. wheel base, and 16 ft. 
long inside the car upa hill having an inclin- 
ation of one in ten, that is required to drive 
it at the same speed on the level. On the 
level it will require 5 h.p. and a horizontal 
effort of 250 Ibs. will be required to maintain 
this speed, and two 30 h.p. motors will take 
49 amps. to produce this effort. Ona grade 
of one in ten the same motors will exert an 
effort of 2,000 Ibs. with 119 amps. ; or roughly 
twice to three times the current. The cars 
usually slow up a little going up hill, though 
on a lesser gradient it is not so noticeable. 
lf the descending car is able to return energy 
to the line it is helping, as usual it reduces 
the average current. The above figures are 
from Dawson’s Pocket Book. 

En passant, it may be remarked that brak- 
ing by returning energy to the line has the 
disadvantage that if the trolley leaves the wire 
the brake is taken off, the car having to rely 
entirely on the hand brake, and disaster 
sometimes following. This does not apply 
to the Electric brake where the motor runs 
on its own field, through a rheostat, operating 
as a generator for the time being. 

Assuming a car to have been running five 
minutes, after starting from the feeding point, 
and the returning cars to be midway between 
the outgoing cars, the cars are 4, $, 14 miles 
from the feeding point respectively. That 





Workshop Practice. 


is, they are spaced evenly along the line at 
intervals of 4 of a mile apart. The resistance 
of 4 of a mile of copper .25 sq. in. in section 
is ‘06 ohm. In this, and the calculations 
which follow, the values have been worked 
out with the slide rule, so are to be taken as 
approximate. 

Call r the resistance of the length of trol- 
ley wire between two cars. 

Call c the current taken by each car. 

Then the total drop in pressure to the nth. 
<ar is, 

Pt=ren+re(n—J7) +re(t—2)... +70. 

This is an arithmetical progression, and its 
sum is—P,=rc (n+7) 2 

2 
Putting the values given above for ?, ¢, and 
7v, we find— 
5O= "111 +20 (4+1) nd 
2 
+n — 45 =0, N=6'275 

As in this case is a third of a mile, the 
result means that °275, or two miles, could be 
run unfed under the above conditions. That 
is to say, a short route of two miles, running 
only six cars, need only to be fed at one 
point, if the full 500 volts are maintained at 
that point. If the power house is in the 
centre of the route, four miles, running a 
maximum of 12 cars could be run, fed only 
from the centre. If the route extends for 
more than two miles on either side of the 
power house, it will require to be fed for 
some part of the way, and the best size of 
feeder having been found by Kelvin’s law, 
the drop in pressure may be found from the 
following formula. 
Pi=[r (ats) a+r, (4+1) a +7, (2+7) 

c 

pe ene & 

+ ...95 


Where ?, and ¢ have the same meaning 
as above, and r equals the combined resist- 
ance of feeder and trolley wires for the first 
length of feeder, running 7 cars, 7, 7, the 
same for second and third lengths. The 
permissible length of unfed feeder will there- 
fore be shorter, the farther it is from the first 
feeding point, going outwards from the power 
house. 

The fact that when one trolley wire breaks 
down, the other has to carry all the current, 
causing a large drop of pressure at the end 
of the line, and injuring the line itself, if it is 
near the feeding point, is against the use of 
unfed trolley wires; but taking the case of 
the six cars in two miles, the total current 
would be 120 amps., or a current density of 
960 amps. per sq. in. which is perfectly safe. 
The larger the trolley wires are, the greater 
is this effect. 
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As to the advantages of using a stronger 
trolley wire, of higher resistance, there is 
much to be said, when the route is a long 
one ; but if the route is not over two miles in 
length, from the first feeding point, the ad- 
vantage seems a doubtful one. Take as an 
example, Phono-Electric wire. The-makers 
claim that little increase of ‘otal working 
resistance results. This is quite correct, from 
their point of view. For, taking as they do, 
the e. m. f. of the motor as equal to a resist- 
ance, it is clear that the greatest amount of 
energy must be expended there, for economi- 
cal working, and the smallest possible in the 
trolley wire. 

In other words, the percentage of the total 
resistance borne by the trolley wire must be 
small, so that an increase of trolley-wire re- 
sistance can only be a small percentage of 
the whole resistance. It can be shown, how- 
ever, that it materially affects the drop of 
pressure in the trolley wire. 

Taking the first example, of two unfed 
trolley wires, and doubling the resistance of 
the wires, we get for the maximum distance : 

0=°222X 20 (n+Z) : 
+n —22=0 
n=41 

Or slightly more than 14 miles can be fed 
at one end, and only 2.7 miles from the 
centre. And as suburban routes of two miles 
each are very frequent in moderate sized 
towns, while routes of one mile hardly take 
one out of the business portion of the town, 
it will be seen that this forms a great objec- 
tion to the use of high resistance wires for 
trolley work. On a long route with heavy 
feeders, the objection disappears, because 
the feeders are very large compared with the 
trolley wires. 

If the ratio of the resistance of copper 
trolley wire to phono-electric wire of same 
size = /, and the ratio of the resistance of the 
cables to the resistance of the copper trolley 
wires = #1. 

Then for the same drop, load, and length 
of line, the higher resistance wire must have 
a cross section = + of cross section of copper 
wires without feeders If there are feeders, 
then the cross section of the copper in the 
cable must be increased by an area+, In 
phono-electric wire, 7 = 4 roughly, so that 
without feeders, the replacing of copper wires 
by phono-electric would necessitate a phono- 
electric wire of twice the size to maintain the 
same conditions. This is impossible, so it 
would mean laying a cable for some part of 
the way. With feeders, the extra cross 
section would be ¥. If there is a long line 
with heavy traffic, # will be very small, so 
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that the cost of extra copper would be neg- 
ligeable. 

To sum up, it seems to the writer that 
there are many routes, for a distance of two 
miles from a town, that might be run without 
feeders, with just as great security against 
break-down, as with a light feeder, say a 1.05 
running alongside them, and with no more 
than a comfortable drop of pressure ; that 
it is advisable to make the trolley wires as 
large as practically possible ; and that it is 
best to run a short length of feeder, and keep 
as much as possible unfed, than to run a thin 
feeder the whole distance. Also, that in the 
centre of a busy town, where the cables are 
large compared to the trolley wire, and the 
traffic heavy, and the danger to the public of 
a broken wire is serious, it is advisable to 
use a tougher metal than copper, but where 
the traffic is on country roads, copper is 
best. 

(Prize ) ** ASSISTANT” 
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A Milling Machine Job.—As illustrating 
the diversity of work which may be done on 
a milling machine, the drilling of 7,000 holes 
#5 in. in diameter, yy-in. pitch serves as a 
very good example. This was accomplished 
by clamping the plate to be drilled to the 
face of an angle-plate bolted down to the 
table of the machine, and interposing a strip 
of steel about 4 in. thick between the plates 
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at each end, to allow clearance for the drill. 
The plate in question was 12 ins. long by 
9 ins. wide, the area to be drilled 1o ins. by 
7 ins., and the method of procedure as follows. 
The table was lowered in its vertical move- 
ment to the bottom. The indication-plate on 
the vertical spindle being graduated to read 
in revs Was raised y}5 for each row of holes 
to be drilled. By commencing on the top 
row first and lifting the table up, all the back 
lash of the gears was, in raising, kept in hand; 
care being taken in not lifting the table more 
than y$s each lift. The longitudinal slide 
was graduated in iths, thereby necessitating 
moving the table 2ths each time. The drill 
was fixed in the back-gear spindle-socket. 
The plate was first centred by just piercing 
so as to make a start for the drill (to avoid its 
running out of its course), afterwards being 
drilled through. By looking closely at the 
illustration it will be seen how accurate the 
plate was when finished: 
(5.) E. A. HOLDSWORTH. 
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Cutting out Elliptical Boles under a Radial 
Drill.—It frequently happens in boiler and 
other shops, that elliptical holes are required 
to be cut through plates, etc., and the usual 
process is to mark out on the plate and drill 
a series of holes round the inside of the cir- 
cumference, then chip and file away the 
projections left between them. This is a 





A MILLING MACHINE JOB. 




















somewhat tedious 
process, without 
satisfactory results, 
and, to meet the 
demand for a rapid 
and more accurate 
method of produc- 
ing this form of 
hole, the following 
attachments to a 
radial drill were 
devised. The 
splined shaft 4 
(Fig. 1), which tra- 
verses the length 
of the arm, was 
lengthened beyond 
the arm to carry 
the bevel pinion /, 
which gears into 
the wheel C, keyed 
on the vertical shaft 
D, and the ratio of 
B to C is exactly 
the same as the 
ratio of the gearing 
between the shaft 
A and the drill 
spindle, so that 
shaft D makes one 
revolution for each 
revolution of the 
spindle. The bot- 
tom end of shaft D 
carries a disc, with 
a T-slot in it, along 
which the pin £ 
can be adjusted by 
means of a screw. 
The amount of 
traverse given to 
the pin £ deter- 
mines the maxi- 
mum amount of 
difference between 
the major and 
minor axes of the 
elliptical holes to 
becut. ‘The pin Z 
works the saddle 
backwards and for- 
wards by means of 
the screw /, one 
end of which is free, 
and the other 
pinned to a guiding 
frame G, having 
a cross-slot, as 


Fig. 2 for the square die on end of pin £ 
towork in. Thesaddle can be moved to any 
desired position along the screw by revolving 
the cylindrical brass nut, supplied with mitres 
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CUTTING OUT ELLIPTICAL HOLES UNDER A RADIAL DRILL, 
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and handwheel for this purpose. Into the 
end of the spindle is cottered an arbor H, 
to which is attached an arm /, carrying the 
cutting tool K. The nut shown between the 
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end and arm 
serves the double pur- 
pose of forcing the arbor 
H out of the spindle, or 
forcing the arm / off the 


spindle 


arbor. The parting tool 
K (Fig. 5) is of circular 
section steel, 1 in. dia- 


meter, and its cutting 
edge is cranked back, 
behind the abutment, 


against which the tool 
presses; so that any 
spring it may have, 
because of its somewhat 
attenuated section, will 
cause it to spring away 
from the work, and not to 
dig in. The slot inthe arm 
J (Fig. 3) is not radial, 
but so arranged that the 
edge of the cuttting tool 
K is always radial when 
shifted along the slot. 
If the sleeve from which the machine arm 
projects is held from rotating by means of a 
worm and worm-wheel—gearing without any 
backlash—the apparatus already described 
would be sufficient for cutting out the ellip- 
tical holes, but the machine under conside- 
ration had no such locking arrangement, 
and the guide Z was required to carry the 
end of the arbor 4, the amount of travel 
along the slot (Fig. 4) being equal to the 
difference between the major and minor 
axes of the ellipse. The method of using 
the apparatus is as follows. The pinion & 
is disconnected from the clutch on the shaft 
A,and using the machine as for ordinary 
drilling, two holes, with their centres on the 
minor axis and equidistant from the major 
axis, are drilled and tapped. Then pinion 2 
is-clutched to shaft A, the arbor A carrying 
the tool A’ inserted into the spindle, and the 
guide Z screwed down in proper position. 
The end of the arbor is adjusted into the 
centre of the guide-slot, and the proper 
amount of eccentricity obtained by adjusting 
the pin Z. The maximum size of hole cut 
by this apparatus is about ro} ins. by 14 ins., 
and the greatest eccentricity is 34 ins. The 
maximum thickness of plate to be operated 
upon is 4 in., the cutting edge of the tool is 
about } in. wide, and the spindle feed is 
about ‘o4 in. per revolution. 
(6.) Josic. 
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Crueing Valve Seats in Position.—It is fre- 
quently the case in repairing valves having 
flat seatings, that the latter are found badly 
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TRUEING VALVE SEATS IN POSITION. 


“ pitted,” and in order to make a proper job, 
these holes should be ground out. This often 
occupies a great deal of time, consequent 
upon the slow cutting of the emery which is 
generally employed for the purpose. A far 
more effective method is to attach, by means 
of solder, three short pieces of shot file, about 
"10 thick, to the valve, as shown in the sketch, 
then by revolving the latter in the seating, at 
the same time exerting a little pressure, a 
very Satisfactory job can be made. After the 
use of the valve for this purpose, the pieces 
of file are removed by heating, the valve is 
then ground_to a fit with flour of emery in 
the usual manner. 


(3:) H. O. Drxon. 
rea) 


A Bolt Support.—In many instances some 
difficulty is experienced in getting a bolt in 
position from the inside of a job, such asa 
machine base or bed, where the bolt holes 
have been drilled from the outside for stan- 
dards, brackets, etc., or in the case of boiler 
mountings having nuts on the outside. An 
ingenious device is shown, at Fig. 1 for 
supporting a bolt until it is located, and 
it may be further utilised for other pur- 
poses. It consists of a suitable piece of 
timber, with a recess at the end to receive 
the head of the bolt ; a small stud secures 
a piece of spring wire shaped to grip the 
neck as shown. By this means the bolt 
is held in a vertical position, and may 
then be inserted in the hole and held in 
place until the nut can be threaded ; it 
is then readily withdrawn, and has the 














Workshop Practice. 


SPRING STEEL 
GRIPPING BOLT 


A BOLT SUPPORT. 


advantage of being easily made and accom- 
modated to any size of bolt. 
(3-) PRACTICAL. 
We think this an improvement over the 
old method of hauling a bolt through with a 
piece of cord.—ED.] 
> 


A Flange Wrench.—The illustration shows 
an improvised form of spanner or wrench, 
used for screwing up the gland-shaped 
flanges on copper and other pipes. It con- 
sists of a piece of 1-in. timber about 4 ins. 
wide and ot a convenient length, with pieces 
fastened at the required distance with three 
or four wood screws. It has been found a 
useful and inexpensive addition to the pipe- 
fitting shop, the strips being easily altered to 
suit any size of flange. It further saves the 
damage sometimes done to the flange bolt- 
holes by inserting studs and using them— 
with a bar across—for screwing on the flanges. 





























(3-) ANDREW A. MCNEILL. 
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A new method of repairing Brass 
Furnaces. — The rebuilding or 
relining of brass furnaces is not 
the big job it once was. Most of 
the up-to-date foundries have 
“Caisson furnaces” which only 
require relining occasionally. 
Some firms, instead of . using 
bricks and a bricklayer for this 
purpose, get fire-clay liners, 
Fig. 1, made in one piece, to slip 
into the casing. But an idea struck us as a 
good way of using up old material. A plug 
was made with a hole through it to allow an 
eye-bolt to pass (an old liner pattern would 
tlo). When the casing was stripped this 
was set in position, and a plate large enough 








2 Joy 


A FLANGE WRENCH, 


to cover the boftom of the fyrnace fastened 
to it from below. The space between the 
casing and the plug was then filled up with a 
mixture of fireclay and broken firebricks, 
made like concrete; this was rammed up 
and allowed to set. . The result was a lining 
equal in wear to the best firebrick. Fig. 2 
shows the operation completed. 
(4.) “ BRASSEY.” 
at) 


A Quick-Change Feed-Motion for Cathes.— 
Few modern improvements, if any, have done 
more to increase the output of the lathe than 
the quick-change feed-motion, and any Jathe 
without this valuable acquisition may be con- 
sidered obsolete, and the productive power 
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of the same much below up- 
to-date workshop practice. 
Having a number of good 
12-in. lathes, in every respect 
modern, but without this cost- 
reducing improvement, we 
decided to fix the attachment 
to each one, and, composed of 
the following details, added 
with only slight alterations 
to the existing arrangement. 
Fig. shows end view of 
lathe-bed with new bracket 4, 
carrying the. ordinary back- 
shaft and short shaft for change 
gear wheels, a bracket B sup- 
porting the other end as shown 
at Fig. 2, together with the 
general arrangement of change 
feed gears and sliding collars, 
operated by forked clutch 
lever. Fig. .3 shows change 
gear lever. Three pairs of 
new gears were required for 
each lathe of 20T., 30T. and 
4oT.., these giving a traverse 
of }-in., 4-in. and }-in. with 
suitable driving gear. The 
three gears on, the original 
back-shaft are keyed fast, the 
other three on the driving 
being loose, but provided with 
keyways to engage with the 
sliding driving key. Both 
keys and keyways should be 
well rounded off, in order that 
an easy entrance may be 
effected whilst the lathe is 
running. The centre gear is 
recessed at both ends, and the 
two outside ones on their 
insides only, the spaces being 
large enough to allow ‘the 
driving-key to freely revolve 
when the back-shaft is dis- 
engaged. A section of the 
gears at C shows how they are 
bored .and the keyways cut. 
The hollow shaft marked D, 
which carries. the gears, is 
bored out about # of its length, 
and allows the sliding spindle 
E, into which is fitted the 
driving key, to be an easy fit. 
Two slot holes are cut in the 
hollow shaft, one to allow 
the driving key to pass 
through when engaging with 
the gears, the other, for the 
passage of a round pin hold- 
ing the sliding collar ¥ on the 
spindle. This collar is moved 
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by the forked lever G having pins screwed 
in the ends which support the brass blocks 
Hf with milled flats fitting the groove in the 
sliding collar and preventing any backlash. 
A shaft, supported by flanged bushes /, passes 
through the lathe-bed, and on this is keyed 
the fork lever at the back, with the shifting 
lever at the front, and provided with a mov- 
able pin which may be pushed into any one 
of the five holes provided tor the purpose of 
locking the lever in any position relative to 
the keyways and recesses in the composite 
pinion C. When the lever is perpendicular 
the middle feed gear is engaged, the next 
hole on each side stops the gear altogether, 
and the two outside holes each engage the 
fastest and slowest feeds respectively ; the 
lever handles curved outwards at the top, to 
allow the hand of the operator to be clear of 
the headstock, etc. The time saved by this 
motion, especially when feeds require chang- 
ing often for roughing and finishing cuts, 1s 
enormous, as it is done instantly without 
stopping the lathe and finding loose change 
gears, etc., for the back-shaft. The driving 
wheel is keyed on the end of the hollow shaft 
instead of the back shaft as before, and is 
driven in the usual way by a large interme- 
diate wheel on the quadrant. The whole 
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arrangement worked very satisfactorily, and 
quite equal to any other lathe which had the 
motion fitted when new; great care should 
be taken to lubricate the three wheels which 
run loose on the short back shaft ; grooves 
should be cut down on their sides for this 
= 
6. 


J. GREEN. 
a) 


A Milling Device.—A in Fig. 1 is an iron 
plate, which has a hole bored through at B 
to admit the bush ofa circular platform or 
flange C (made of any suitable metal). The 
bush is so fitted that the platform or flange 
is, freé to revolve, it having a hole in the 
centre to admit the bolt; holes are also 
drilled round the flange, as shown at a, 4, ¢, 
d, e and /, at equal distances apart. When 
the flange is revolved so that one of the 
holes comes under the milled head-screw D, 
which is fitted to cock £ (see Figs. 1 and 2), 
the point of the screw will enter the hole 
when it is screwed down, and thus hold the 
flange firmly until a cut has been taken off 
one side of the hexagon by a revolving cutter 
of suitable shape, fixed in a chuck or the 
centre hole of the head. After one side has 
been done, the flange is released and moved 
round to the next hole, and so on until all 
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MAKING A WOODEN SPLIT PULLEY. 


the sides have been done. Fig. 2 shows the 
bolt in position ready to be operated upon. 
It will also be seen that the nut can be 
machined in the same way by simply re- 
versing the bolt, thus bringing the nut into 
line with the cutter. 

(4) W. G. WAGGOTT. 








FEILDEN’S MAGAZINE. 


Making a Wooden Split Pulley. 
—Having to fix a new fan in 
our works, we required for 
driving the same a large split 
pulley of 4 ft. 6 ins. diameter 
and about 5 ins. wide, which 
we built up out of some rough 
timber, as follows. We first 
marked out a segment templet 
one-sixth of a circle, and this 
we used for marking out the 
whole of the segments required 
in building up the rim. The 
segments were sawn out, faced 
up, glued and nailed, the joints 
crossing one another as the 
building up procegded. The 
arms HY H were housed and 
dowelled into the rim, and two 
pieces of timber inserted 
between them to form the boss. The rim 
was then sawn through at 4 8B, the halves 
being bolted together on the shaft and turned 
up in position, no key being necessary, the 
pulley gripping: the shaft lightiy. 

(3-) J. SEABOURNE. 
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Mr. C. Rous-Marten, in a recent paper on 
this subject, read before the Society of 
Engineers, pointed out that a 
parma large proportion of the locomo- 
Locomotives, tives employed on British rail- 
ways were <0 years old and up- 
wards, many were from 30 to 40 years, and 
some were still older. British engines only 
20 years old are regarded as comparatively 
modern, whereas 20 years old American 
locomotives are deemed utterly archaic. 
Some of those elderly British engines did 
most important work on the leading railways 
of the Kingdom, having been repaired, re- 
newed and rebuilt, until they were virtually 
new machines, but necessarily deficient in 
the power demanded by the requirements of 
modern traffic. Hence on certain lines pilot- 
ing was carried to wasteful excess. In other 
instances -the loads for the older engines 
were limited to five-sixths of that given to 
modern engines. That involved using six 
engines to do the work of five, and running 
six trains instead of five on roads already 
badly overcrowded, besides increasing the 
labour cost and other working expenses. 
The author observed that this remarkable 
survival of elderly locomotives un@oubtedly 
demonstrated the original excellence of their 
design and construction. American practice 
employs: inferior materials, and builds much 
more roughly and rapidly, the engines not 
being expected nor desired to last more than 
ten or fifteen years. It is then preferred to 
replace them by new locomotives fitted with 
all modern improvements, and possessing 
a large margin of power, especially in the 
boiler, such power being available in case 
either of ordinary need or special emergency. 
The author considers that it is debatable 
whether, on the one hand, the extreme lon- 
gevity of British locomotives is desirable, 
involving, as it does, the crowding of the lines 
with old and sometimes almost obsolete 
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locomotive types, deficient in power propor- 
tionate to modern requirements ; or whether, 
on the other hand, American practice, while 
unquestionably superior in respect of pro- 
viding a larger margin of power, be not de- 
fective in its results through being wasteful 
in coal consumption and increased cost in 
repairs, in consequence of inferior material 
being used and of a rougher mode of con- 
struction being adopted. “Each plan, he 
observed, has its own special advantages and 
disadvantages. 

British engines were shown to be indis- 
putably superior to American per unit of 
power, but American designers provided 
more units of. power for identical duty. 
These comparisons apply solely to American 
locomotives working in Britain or British 
dominions. But latterly the influence of the 
one feature in which American and European 
practice was unquestionably superior to 
British was seen in the vastly enhanced 
power, especially in the boilers, supplied to 
most recent British locomotives, as shown by 
contrast between prominent types of British 
locomotives in 1901 and 1902, with the leading 
standard types of 1895. Another result of 
American and European Continental in- 
fluence in British practice was stated to be 
a tendency to multiply coupled wheels, as in 
the case of six-coupled wheels instead of four 
for passenger service, and eight instead of 
six for goods traffic. 


aa) 


The series of competitions and trials of 
alcohol as a motive power for the propulsion 
of cars, which was organized by 

Alcohol a8@ the French Ministry of Agricul- 
Power. ture, with a view of encouraging 
the manufacture of alcohol in 

France, were of a very interesting character, 
as was the Exhibition which followed. The 
results achieved, which, if perhaps unexpected, 
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were of a. satisfactory nature, inasmuch as, 
whereas previously high speeds had been 
obtained with large and heavy vehicles, the 
latter were in the present case, with a single 
exception, surpassed by lighter carriages. 
The heavy-weight races for omnibuses and 
wagons brought out the interesting point 
that goods, and even passengers can be 
carried by alcohol traction at rates com- 
paring very favourably with those of the 
railway, including. collection and~ delivery. 
A further conclusion reached, is, that alcohol 
has been proved to be able to hold its own 
against petrol as far as motive power is con- 
cerned, At present, the retail price in France 
is just a shade higher than that of petrol ; 
but it is probable*that the cost, which has 
already fallen considerably, will be still 
further reduced. It is the use of beet-root 
(mangold wurtzél) in the production of 
alcohol, that has greatly reduced its price. 
In methodical cultivation, the finest roots, 
which show on analysis the largest propor- 
tion of sugar, are selected for seed purposes, 
while the remainder are cleaned, washed and 
sliced by machine, the juice being fermented 
and afterwards sophisticated so as to render 
it not liable to duty. This is effected by 
adding methylic alcohol, mixed with ace- 
tone to form methylene. About one-tenth 
part by weight of methylene is added to the 
pure spirit, together with a certain propor- 
tion of benzine, and when required it is also 
carburised by the addition of benzol. The 
consumption of alcohol per ton-kilometre 
was about 50 per cent. more than petrol ; 
but,- had the engines been constructed to 
consume alcohol instead of petrol, this 
difference would probably have been greatly 
- reduced. 

It is believed that the French authorities 
will be satisfied if the consumption of alcohol 
can be reduced to 30 per cent. more than 
petrol ; in which event a great impetus will 
be given to the use of home-made alcohol 
in place of imported petrol. 

In view of the increasing utility of alcohol 
for heating, lighting and power, and the ease 
with which it can be prepared from. potatoes, 
there would appear to be a field open in 
Ireland, for the development of what might 
prove to be an important industry. 

> 

The opening of the new extension of the 
Fleetwood works of Messrs. Fleming, Birkby 
and Goodall, Ltd., which took place 
early in June, was made the occa- 
sion of demonstrating before the 
directors and selling agents of the company, 
the process of manutacture of “Teon” belting. 
The party was conducted over the works by 
the inventor of the belt, Lieut.-Col. Ash, 


cd Teon ” 
Belting, 
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who is also responsible for the design. and 
arrangement of the plant. ' 

The basis of the belt consists of a textile 
fabric of the highest quality.and strength ; 
this being guaranteed by the fact that should 
the company succeed in being able to dis- 
cover a-better material-they have the right 
to cancel the contract with the makers. 

The fabric is first passed through specially 
arranged rollers, weighing about 22 tons, in 
which it is thoroughly impregnated with a 
cement, the composition of which is a secret. 
The belting next undergoes the process ot 
folding and stitching, after which it is passed 
through the-vulcanising and stretching pro- 
cesses. These latter operations are per- 
formed simultaneously in special hydrauli¢ 
presses, each of which is capable of dealing 
with 60 ft. of 13-in. belting per hour, or an 
equivalent length of a narrower belt. While 
in these machines the belt is stretched, under 
a pressure of 2,000 Ibs. per sq. foot at boiler 
steam temperature, to a length equivalent to 
15 ins. in every 24 ft. of belting, which renders 
it practically stretchless, -after which it is 
removed to a wire stitching machine. 

The whole process is one of extreme 
interest, and the visitors and © pressmen 
who were privileged. to see it came away 
greatly impressed. A series of tests were 
afterwards conducted with composition belts 
of various makes, and which were repeated 
by ourselves and others. The impervious- 
ness of “Teon” belting to temperature and 
moisture was proved by boiling and treat- 
ment with saturated steam ; whilst its general 
soundness could not have been better 
demonstrated than by the treatment in 
solutions of the caustic alkalis and in a 
strong solution of nitric acid, which left the 
material practically unaffected. Judging by 
these tests it would be difficult to controvert 
Colonel Ash’s claim that “ Teon” belting is 
one the strength and quality of which is of 
the highest order. 

* a> 

This publication, so essential to all those 
who are interested .in the development of 
ingiisi ee physics, electrical and steam en- 
Abstracts.” gineering, now regularly deals with 

150 periodicals and publications of 
a scientific or technical character.. The 
more recent additions to the list include the 
Proceedings of various Continental scientific 
societies, which, in the ordinary way, are 
inaccessible to the British engineer. ° The 
fact that important articles often appear in 
such proceedings, and that abstracts of all 
such are published in the periodical under 
notice, should. commend. itself to those 
workers who do not wish to miss any 
important development. 
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Lehrbuch der Optik (Treatise on 
Optics).—By Paul, Drude. Leipzic: S. Hirzel. 
1900. xiv. and 498 pages. Price 10 marks. 

In taking upa.treatise on optics from the pen 
of the new editor of the Anna/len der Physik, and 
the author of. so many valuable contributions to 
this important branch of knowledge, we antici- 
pated a great intellectual treat and a method of 
treatment representing the high-water mark of 
optical theory. The best and most up-to-date 
English optical treatise is the work by Preston, 
which was published in 1895; but of Preston’s 
566 pages 31 only are devoted to the electro- 
magnetic theory, while in Professor Drude’s treatise 
no less than 258 pages out of the 393 dealing with 
physical optics are occupied with the development 
of the general electro-magnetic theory, and the 
experimental verification of its consequences. This 
is beyond question the most important part of 
the work, but the earlier portions are by no means 
wanting both in interest and novelty of treatment. 
To the English reader, accustomed to the dry and 
disconnected disquisitions usually comprehended 
under the title of geometrical optics, the able and 
most interesting development of a systematic 
theory of this subject will be little less than a 
revelation. 

On his first page the author sets forth the four 
fundamental laws which form the groundwork of 


geometrical optics, and which, as he points out, 
are, from the physical point of view, only approxi- 


mate generalisations. These are, the rectilinear 
propagation of light, the independence: of the 
component rays of luminous pencils, and the 
ordinary laws of reflection and refraction. 

The author then develops the subject on the 
lines initiated by Abbe. The maximum-minimum 
property of the optical path of a ray through 
various media, of which Fermat’s law of minimum 
time is a partial expression, is shown to follow 
from the fundamental laws. This leads immediately 
to the consideration of the aplanatic surface, and 
to the theorem of Malus respecting orthotomic 
systems of rays. 

The general theory of optical images is then 
developed, and applied to the reflections and 
refractions at spherical surfaces. Astigmatic images 
and spherical aberration are next considered, and a 
demonstration given of the so-called sine law, 
determining the conditions of approximation 
under which an image can be obtained by means 
of a wide-angle lens, such as a microscope objective, 
conditions whichare quite as important, and nomore 
difficult of comprehension, than those of pencils of 
small angle which are discussed in the elementary 
text-books. The conditions of achromatism are 
then considered, and the reasons noted for the 
greatly improved results obtained by means of 
Schott’s Jena glass, in which high refractive power 
is obtained in combination with low dispersion. 
The use of iris diaphragms is next considered. 
followed by a brief account of the principles of 
photometry and the conditions governing the 
brightness of optical images. A chapter explain 
ing the principles of construction of photographic 
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lenses, the microscope, and the telescope ccn- 
cludes the section dealing with geometrical optics. 

The second division of the work, on ‘‘the 
general properties of light,” treats, very much on 
the ordinary lines, the velocity of propagation, 
interference phenomena, Huyghens’ principle, 
diffraction, and polarisation. 

The principle of Huyghens and Fresnel is first 
developed approximately in an elementary man- 
ner after Voigt, with Schuster’s corrections. This 
is followed by a complete demonstration. This 
was first given by Kirchoff in 1875, and 
greatly amplified in his lectures on optics pub- 
lished in 1891, the method there adopted and 
followed by Drude, with some analytical modifi- 
cations of his own, consists essentially in the 
application of Green’s theorem to the general 
equation for the propagation of light waves. The 
equation itself, which is usually deduced from the 
elastic solid theory of the ether, is at this stage 
simply assumed, as in a later portion of the work 
it is shown to be a consequence of the electro- 
magnetic theory. 

The third division of the work, on ‘‘ the optical 
properties of bodies,” opens with a couple of pages 
on the mechanical theory, pointing out its funda- 
mental imperfections. The author then passes on 
to consider the electro-magnetic theory of light 
first suggested by Faraday and developed by 
Maxwell. 

This accounts naturally for the absence in light- 
waves of longitudinal vibrations. The boundary 
conditions at the surface of two media become 
those which hold in any electro-magnetic field, thus 
doing away with the fundamental defect of all the 
mechanical theories, and enabling the observed 
velocity of propagation to be calculated from 
purely electro-magnetic data. 

The old controversy as to the plane in which 
the vibrations of a plane-polarised ray occur ceases 
to have any meaning, as there is an electric vibra- 
rion perpendicular to the plane of polarisation and 
a magnetic vibration in that plane. As the two 
are invariably associated together, either the electric 
or the magnetic force may be taken as a ‘“* light- 
vector,” determining the waves. The author 
prefers the former alternative as the more generally 
convenient, and this corresponds to the mechani- 
cal theory of Fresnel, while the other would 
correspond to that of Neumann and MacCullagh. 
The coexistence of these two sets of waves, in 
planes at right angles to each other and to the 
direction of propagation, explains why these two 
distinct theories both account equally well for the 
observed phenomena. 

The general equations of the electro-magnetic 
field are obtained by expressing in terms of the 
components of the magnetic force the work, 47C, 
which is done in carrying a unit magnetic pole 
round a current C, and in terms of the components 
of the electric force the work done in carrying a 
unit charge round a magnetic flux. Poynting’s 
theorem on the flow of energy in the electro- 
magnetic field is applied to show that light rays 
are paths of energy flow. 

The optical properties of transparent isotropic 
bodies are next considered, and the ordinary laws of 





2 as Sas 


et 


RT v= 


eS wet RT 2 ee 


88 


eflection and refraction are shown to be a neces- 
sary consequence of the electro-magnetic boundary 
conditions, independently of the special form which 
these conditions may assume. This leads on to the 
explanation of the phenomenon of polarisation. 

The production of stationary waves is explained, 
a phenomenon which derives a very special interest 
from the ingenious manner in which Lippmann has 
utilised it for the production of photographs in 
natural colours. 

Passing on to the consideration of transparent 
crystals, since the magnetic permeability is always 
sensibly equal to unity, their electric ‘properties 
must be determined by the dielectric constant only, 
and, as these properties are different in different 
directions, this must vary with the direction of 
the electric lines of force. It then follows from 
the general equations that the lines of electric flux 
do not coincide with the lines of force. 

When absorption of light occurs in a body, then 
on the electro-magnetic theory it is not a perfect 
insulator, and its electrical conductivity has to be 
taken into account. The optical properties of iron 
and other strongly magnetic bodies show that even 
in them the magnetie permeability is sensibly equal 
to unity as far as luminous vibrations are con- 
cerned. The resulting modification in the electro- 
magnetic equations is such that the solutions can 
be derived from results previously obtained, in the 
case of bodies which are perfectly transparent to 
electro-magnetic radiation, simply by replacing the 
real dielectric constants by complex ones, the 
physical interpretations being arrived at in the 
usual manner by separating out the real and 
imaginary portions of the resulting formule. No 
further assumptions are required for the explana- 
tion of the phenomenon of metallic reflection. 

Dispersion is considered in Chapter V., and it 
is shown that the only additional assumptions 
required for its explanation are :—that molecules 
or atoms of the bodies in which dispersion takes 
place have natural vibration periods cf their own, 
or, as they may be called, intrinsic vibration 
periods ; and that the molecules are built up of 
atoms carrying positive and negative electric 
charges. In a conductor these atoms must be 
capable of free motion of translation, while in an 
insulator they must have definite positions of 
equilibrium round which they can oscillate. 

Anomalous dispersion will occur whenever the 
period of the light or other electro-magnetic waves 
is nearly equal to one of the intrinsic molecular 
ones. In all other cases the dispersion will be 
normal. 

The fact that certain substances, when traversed 
by a plane polarised beam of light, cause a rota- 
tion of the plane of polarisation, demands the 
existence of asymmetric structure, either molar or 
molecular. The latter’ only is possible in fluids, 
and therefore the author looks to molecular 
structure to explain the effect in all cases, 

In this connection we would point out what 
seems to have escaped the author’s notice, that the 
entire disappearance of the rotational power of 
certain crystals on fusion shows that in their case, 
at any rate, the effects must be sought in aggre- 
gates of molecules, instead of in the individual 
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molecules. - The observed gradual changes in the 
rotational power of many newly-formed liquids 
points strongly in the same direction. 

It should also be noted that a statically asym- 
metric molecular structure is not sufficient to 
account for rotation, for Lord Kelvin has shown 
that the linear equations of an ordinary elastic 
medium cannot include any rotational property, a 
statically asymmetric system being equivalent, as 
far as pure vibration is concerned, to its optical 
image. The existence of steady cyclical momenta 
must, therefore, necessarily be postulated, so long 
as we are concerned with molecules, which are so 
small compared with optical wave lengths, as to 
act, not directly, but only by sympathetic vibration. 

It would be an assistance to the reader if this 
were clearly pointed out. The omission to do so 
does not, however, vitiate the mathematical argu- 
ment which follows ; for the author bases this on 
the assumption that the motion of an ion depends 
not only on the electric force at the place occupied 
by it, but also on the electric forces in the imme- 
diate neighbourhood, so that the first differentials, 
with respect to tbe co-ordinates, of the electric 
force components must enter into the equations. 
This, according to Lord Kelvin’s result, implicitly 
involves the assumption of the existence of steady 
cyclical momenta. When these conditions are 
expressed in the most general form physically 
possible the resulting equations account for the 
observed phenomena. The author suggests that 
such asymmetry would be produced if the ionic 
paths were helices, either all right-handed or all 
left-handed, but with the axes disposed promis- 
cuously ; but this would make the chirality 
dependent entirely on the nature of individual 
molecules. Dispersion, both normal andanomalous, 
of the rotation is explained in the same manner as 
that occurring in refraction. 

Magnetic rotation is explained by the action of 
a magnetic field on the molecular currents, or ionic 
rotations, in magnetic bodies, which will necessarily 
give rise to molecular asymmetry, and this will also 
be produced in para-magnetic bodies by the action 
of the field on the ionic rotations which it sets up. 
The Hall effect is simply the magnetic deflection 
of the ionic paths, and this, in conjunction with 
the asymmetry produced in the manner explained 
above, suffices for the explanation of the observed 
phenomenon of magnetic rotation. The Zeemann 
effect is fully explained on hypotheses already set 
forth, and the known relations between bright and 
dark spectral lines. 

In Chapter VIII. the author discusses, following 
Lorentz in the main, the modification in optical 
conditions when the bodies considered are in 
motion, the ether being assumed to remain at rest, 
and the bodies to move freely through it. 

The third and concluding division, consisting of 
three chapters only, deals with the radiation pro- 
perties of bodies. 

The work is remarkably free from typographical 
errors. It isalso free, unfortunately, from an index, 
which is a serious defect in a work. of such excep- 
tional value and importance, and one which we 
trust will not be allowed to remain in the next 
edition. 





